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ABSTRACT
Improvement in rice is no longer dependent on foreign intro­
ductions, mass selection and the pure line method but rather on breed­
ing methods based on controlled hybridization followed by selection.
In order for such methods to be most effective, an understanding of 
the inheritance of those characters for which improvement is sought 
is essential. This study was an attempt to add further to the knowledge 
concerning the inheritance of the more important economic characters 
in rice.
A genetic analysis of spikelet length, spikelet breadth, and 
date of heading and general observations concerning inheritance of 
yield were conducted in the parents, Fj» ^ 2 * *̂3 1Lnt* ^ 4  generations 
of a cross between a commercial variety and an advanced selection.
The principal information sought related to the nature of inheritance, 
number of genes involved and heritability.
Spikelet length was quantitative in nature, and the difference 
in the parents of 0.6 mm. appeared to be governedby at least 2 and 
probably 3 or more factors. Transgressive segregation for both 
long and short spikelet length occurred. The heritability estimate 
based on F£ data was 86 per cent and that based on the regression 
of F 3  lines on plants was 67 per cent. The correlation coefficient 
between F^ and F-j was 0. 72.
v i
Spikelet breadth was also quantitative in nature. Partial 
dominance of narrow over broad spikelet was observed. The parent 
difference of 0.49 to 0. 75 mm. appeared to be controlled by more 
than 3 but probably not more than 4 or 5 pairs of genes. The herita­
bility estimate based on F^ data was 58 per cent* that based on the 
regression coefficient 64 per cent, and the correlation coefficient 
between F^ and F^ was 0.71.
The character date of heading possessed features of both a 
quantitative and qualitative nature. Earliness showed a high degree of 
partial dominance over lateness. The parent difference of 43 days ap­
peared to be controlled by 1 major pair of genes and a number of modi­
fying genes. Heritability of this character, as measured by regression 
of F 4  lines on F 3  lines, was 63 per cent. The correlation coefficient 
between F^ plants and F^ lines was 8 8  per cent. A related character, 
date of last heading, gave a heritability estimate of 82 per cent, as 
determined by regression of F^ lines on F^ lines.
Yield of grain behaved in a quantitative manner, and exhibited 
a strong degree of transgressive segregation for high yield, 2 0  per 
cent of the F^ lines yielding significantly higher than the high yielding 
parent. Yield and date of heading were closely associated, r = —0.61, 
with all late heading lines being low in yield, in contrast to the early 
lines, most of which were high in yield. The evidence suggested that
v i i
genes for high yielding ability were not expressed when combined 
with genes for lateness. The data indicated yield to have a very low 
heritability, even when selection is practiced on an F^ line basis.
Correlation coefficients between yield and spikelet length, 
spikelet breadth, weight of grain and volume weight of grain were 
not significant.
v i i i
INTRODUCTION
Rice breeding has reached a stage at which an understanding 
of the nature of the inheritance of its major economic characters is 
indispensable to an efficient program. In the early phases of rice 
improvement in the United States great strides were made with the 
use of introductions, mass selection and the pure line method, as 
varieties were inferior and impure. However the continued use of 
such methods is limited and as improvements are made, further 
progress becomes increasingly difficult. With the development of 
breeding methods based on hybridization the earlier methods were 
discarded and now all rice breeding projects in progress in the United 
States are founded on controlled hybridization followed by selection. 
The efficiency of such programs is directly related to the degree of 
understanding of the inheritance of the major economic characters of 
the crop.
When considered in relation to the importance of the crop in 
the world, it appears that knowledge regarding the genetics of rice 
is meager, especially when compared to crops of comparable im ­
portance such as wheat and corn. Most of the information that has 
been accumulated is concerned with characters of limited importance, 
such as color inheritance, inheritance of abnormal mutant characters,
1
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and linkage studies. It is only in recent years that physiological and 
quantitative characters have received much attention, and the lite ra ­
ture regarding such is limited. Almost all genetic studies in rice 
apparently have been incidental to a breeding program. Economic 
conditions in the major rice producing countries probably are not 
such as to be able to support extensive research programs of a funda­
mental nature. Language and geographical barriers have undoubtedly 
hampered the dissemination of knowledge regarding inheritance. In 
consideration of these factors, any study of the inheritance of economic 
characters in rice would appear to be fully justified.
The size and shape of the grain in rice are determined p ri­
marily by the length and breadth dimensions. These dimensions vary 
greatly among cultivated rices but remain relatively constant within 
a variety, and for this reason they have frequently been used by 
botanists for classification purposes. This constancy in respect to 
size and shape are of major importance in regard to milling perform ­
ance, uniformity being essential to high milling yields. Size and shape 
of grain also determine the quality of rice, upon which the various 
markets depend, hi order that the breeder may more readily provide 
the grower with the types of rice necessary to fill the market demands, 
it is necessary that he have an understanding of the manner of inheri­
tance of the characters upon which grain size and shape depend. 
Therefore, a study of the inheritance of both length and breadth of
3
grain was conducted.
Another character of primary importance in rice is the length 
of the growing season. Where water is a limiting factor it is essential 
that a variety mature in a relatively short period of time. In some 
areas a variety must be able to complete its life cycle in a short time 
in order to escape damage from the onset of cold weather. A further 
consideration in respect to length of the growing season is the effect 
that varieties of different durations may have on the market. Al­
though a grower may receive a premium for an early product, if all 
of the crop is placed on the market at one time a decrease in price is 
normally experienced. It may be desirable to have various varieties 
that may be seeded at approximately the same time but which require 
different lengths of time to mature. With these considerations in 
mind, the genetics of time of maturity was investigated, with the 
date of heading being used as an index of maturity.
A third character of great economic importance in rice is 
yield of grain. This is one character to which every breeder must 
give consideration. Production per acre must be maintained at a 
level sufficient to insure the grower a return on his investment r e ­
gardless of what other improvements may be included in a variety. 
Yield of grain per unit area is a complex character consisting of a 
number of components, therefore the only way to study the true nature 
of its inheritance is to divide it into its component parts and study each
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separately. It was not in the scope of this study to investigate the in ­
heritance of yield in such detail. The inheritance of the character was 
studied in a general way, with consideration being given to its associa­
tion with the other characters included in these investigations.
The study was made in the parents, F p  ^2 ' ^3 ariĉ  ^ 4  gener­
ations of a cross between Rexoro, a commercial variety, and Strain 
252-1-2, an unreleased selection. Two principal types of genetic in­
formation were obtained, namely the number of genes involved in the 
inheritance of the characters and the heritability or effectiveness of 
selection for these characters. Correlations of yield of grain with the 
other characters of the study were determined.
LITERATURE REVIEW
Spikelet Length
According to Jones (18), Van der Stok in 1909 reported from 
Java that in a cross between long and short grain rice the F ^  segre­
gated in 3 length classes, short, intermediate, and long, in a ratio 
of 1:2:1. Ramiah and Rao (32) stated that Van der Stok was the first 
person to publish data concerning the inheritance of characters in 
rice .
Parnell et al. (25) obtained a distinct 3:1 ratio of normal to 
short length of grain in a cross between a variety with small, round 
grains and a normal type with a medium grain size. In this case the 
grain size was controlled by the same gene responsible for dwarfism.
Jones (18) stated that Terao reported that in a cross between 
a normal grain and a large grain mutant rice he obtained an segre­
gation of normal to large in the ratio of 3:1.
Kagawa (20) also reported on the inheritance of a mutant type 
rice with large grains. This mutant was found in a variety of upland 
rice, Urasan, and was shown to be a simple recessive to the normal, 
the gene concerned frequently mutating back to the normal condition.
According to Jones (18), Fruwirth obtained a 1:2:1 ratio of 
short, intermediate, and long in a cross of long and short grain rice.
5
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Jones (18) stated that Bhide reported the inheritance of grain 
length to be polygenic in nature.
Parnell et al. (2 6 ), in discussing the inheritance of shape of 
grain (which is determined prim arily by length and breadth), stated 
that because of the enormous variation shown by different varieties in 
the size and shape of grain, there must be a large number of genetic 
factors concerned. In general, a cross between widely different types 
gives a more or less intermediate F j and an consisting of numerous 
overlapping classes. In two cases, however, the authors found single 
factor variations. One of these was connected with a dwarf habit, a 
cross between normal and dwarf giving a segregation of 3 normal to 
1 dwarf. Here the gene that controlled dwarfism also controlled grain 
size.
The second case in which a single factor variation appeared 
to be involved was closely connected with a factor, designated G, 
controlling hull color. Dark gold hylls (GG) were coarse, medium 
gold (Gg) intermediate, and ripening gold (gg) fine. This relationship 
between hull color and grain size was noted in all varieties showing 
these colors. The distinction was more a m atter of the relationship 
between length and breadth of grain than of absolute measurements, 
though generally GG varieties were both shorter and broader than gg 
varieties. In some of the families segregating for Gg it appeared that 
other factors were also concerned in the determination of size of grain
7
and, to some extent, shape.
The authors stated that coarseness of grain may be due to a 
separate factor closely linked with G or the factor G itself may be the 
determining factor.
Chao (3) studied the mode of inheritance of spikelet length in 
a cross between 2 varieties designated 4957 and 4269. The mean 
spikelet length of 495 7 was 4. 13 mm. , the length of the parent plants 
ranging from 3. 5 mm. to 4.9 mm. Variety 4269 had a mean of 8 . 81 
mm. and a range of 7. 3 to 10. 3 mm. The F j had an average length 
of 5. 33 mm. and a range of 3.9 to 6 . 4 mm. Spikelet length in the F 2  
generation, which consisted of 718 plants, ranged from 4. 7 to 9.7 mm. 
and segregated into 2  distinct groups, short and long spikelet, in a 
3:1 ratio. The author concluded that in the cross investigated spikelet 
length was governed by 1 allelomorphic pair of factors, with short 
spikelet being dominant.
Ramiah et al. (29) reported studies which indicated that in 
certain instances the inheritance of grain length is modified by that 
of grain shape. Observations of natural crosses suggested that, in 
general, the inheritance of size of grain (size being determined by 
length and shape of grain) was complex. But in one case the inheri­
tance appeared to be simple. This was in a natural cross between a 
very short ( 6  mm. ) round grain rice and a long (8 . 5 mm. ) narrow 
grain rice. The F j plants had a round grain shape resembling that
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of the short grain parent but the length was about intermediate. The 
segregated into 2  distinct groups, a short round type and a long 
type, in a 3:1 ratio. There were 2 definite groups in respect to grain 
length, the first one varying from 5. 6  mm. to 7. 3 mm. , and the 
second group from 7. 9 mm. to 9. 8  mm. , with a clear break between 
the two. All round grains were in the firs t group. It was the experi­
ence of the authors that almost invariably round grain shape was 
associated with short spikelet length.
In one of the families a large number of selections were 
made with grain lengths covering the whole range of variation in F^, 
and grown in F-j. All of the long grain selections bred true but of the 
short grain selections approximately 1/3 bred true and 2/3 segregated. 
The evidence clearly indicated that the inheritance of size and shape of 
grain in this cross was monohybrid in nature. These results were 
confirmed by the study of several artificial crosses.
The authors believed that the factor or factors responsible for 
spikelet length are different from that deciding shape, but the two may 
be associated, in which case the short spikelet length behaves as a 
simple dominant to long. Segregation may occur either for shape only 
or for length only. When not modified by grain shape, the inheritance 
of length, they felt, is polygenic. The authors were of the opinion that 
the results of Chao (3) and Van der Stok, which indicated the inheri­
tance of grain length to be simple in nature, were complicated by the
9
presence of a round shape in the short grain parent.
Ramiah and Rao (32) stated that Jack reported that long grain 
was dominant to short, which results are at variance with the find­
ings of most other workers.
In order to study the inheritance of grain length free from the 
possible effect of grain shape, Ramiah and Parthasarathy (30) studied 
a cross of rice in which both parents were of the same grain shape but 
differed in length of grain. The F | was more or less intermediate be­
tween the parents and the F^ distribution covered the entire range of 
the parents in a distinct bimodal form. They concluded that in this 
study, where grain length was not modified by shape, the inheritance 
of grain length was governed by the interaction of 3 factors, although 
it was not possible to analyze the extent to which each of these 3 factors 
modified the length. There was evidence that a number of minor modi­
fying factors were also involved in the determination of grain length.
Jones et al. (19), in a study of the inheritance of kernel 
length, which included crosses of short x long grain, short x medium 
grain, and medium x long grain varieties, reported that the inheri­
tance apparently was governed by multiple factors in all of the crosses 
considered. The crosses used were Butte (5.0 mm.) x Edith (7,4 m m .), 
Caloro (5. 2 mm. ) x Honduras (7.2 m m .), Colusa (5. 3 mm. |^x Blue 
Rose (6 . 1 m m .), Edith x Blue Rose, and Lady Wright (9.26 mm.) x 
Caloro. The average kernel length of the F j and plants was intermediat
10
between those of the respective parents in all cases except that of 
Edith x Blue Rose, in which case the F j mean was the same as that 
of Blue Rose, the smaller length parent. Based on the average kernel 
length of the F j and F^» there was a consistent indication of a slight 
degree of dominance for the shorter kernel parent in each case, with 
the exception of the cross Colusa x Blue Rose, where the F j and F^ 
means were exactly intermediate between the parents, hi all crosses 
the F 2  plants ranged in kernel length from short to long with no evi­
dence of a distinct division into short, medium and long grain groups. 
Transgressive segregation occurred in 2 crosses, namely Edith x 
Blue Rose and Lady Wright x Caloro. From the cross Lady Wright x 
Caloro, true breeding lines varying from 4.8 mm. to 7. 1 mm. were 
isolated.
Kuang (21) reported that Tang studied the inheritance of 
spikelet length in a cross of a rice having a length of 8 . 265 mm. and 
one with a length of 12.985 mm. The F j was 9. 718 mm. and the 
mean of the F 2  population was also 9. 718 mm. The evidence from 
the F^ indicated the presence of multiple factors. The author con­
cluded that the parents differed in respect to spikelet length by a 
series of factors, with no dominance being present.
According to Ramiah and Rao (32), Grant studied a cross 
between 2  indica races and another between an in die a and a japonica
11
race and reported both size and shape of grain to be controlled by 
multiple genes. The results confirmed the general dominance of 
short over long grain.
Ramiah and Rao (32) stated that Mitra and Ganguli obtained a 
3:1 ratio of short to long grain in the generation of a cross. There 
was variation within the short and long groups due to modifiers. Ac­
cording to the same authors, Alam observed a 3:1 ratio of short to 
medium in the F^ generation of a cross between short narrow and 
medium narrow grains and a ratio of 9:7 of long to medium grain size 
in a cross of long x medium.
Both Majid and Chakravarty, according to Ramiah and Rao 
(32), found that the inheritance of grain length in rice was polygenic 
in nature.
Ramiah and Rao (32) reported that Dave studied the inheritance 
of kernel length in a number of crosses between rices of varying kernel 
lengths and obtained the following results:
Cross Segregation in F 2
Short x medium
Very short x short 
Very short x medium
I I I f n
3 short : 1 very short
9  short : 6  very short : 1 medium
3 short : 1 very short
3 medium : 1 short
Medium x long 3 long : 1 medium
Short x long A continuous type of variation
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In all cases the F j was intermediate, and the F 3  results were 
said to have confirmed the F ^  segregation in every instance. Ramiah 
and Rao felt that the F% frequencies were not sufficiently large and the 
minimum frequency classes were not sufficiently distinct to justify 
the grouping into the various classes. The results showed longer length 
to be a simple dominant to shorter length, which does not agree with 
the findings of most other workers.
Dave (6 ) reported long kernels to be a simple recessive to 
medium kernels. In crosses between very short and long kernel varie- 
ties the F %  exhibited a continuous range of variation between the 
parental values. Short kernels and very short kernels segregated in 
a 3:1 ratio in the F^* In crosses between short and medium kernels 
the F^ segregated in the ratio of 3 medium to 1 short. Some of the 
results reported here are at variance with the earlie r work of Dave, 
as quoted by Ramiah and Rao (32), in so far as dominance is concerned. 
As the original publications of Dave were not available for review, it is 
not known whether the crosses reported are the same as those r e ­
ported earlier by Dave.
Syakudo (35) studied the inheritance of the size and form of 
grain in rice in the cross Sodairyu x Sekitori No. 120. Length and 
breadth values of the grain of Sodairyu were 7.4 mm. and 3.2 mm. , 
respectively, and of Sekitori, 5.3 mm. and 2.9 mm. , respectively.
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He concluded that grain length was determined by Z multiple genes,
G rj, Gr^ and a gene Ka, which prim arily governed the density of 
grains in the panicle. The genes G rj and Gr^ and Ka were pieio- 
tropic in their effect, as they also governed breadth and width of 
grain. Gr j and Gr£ were cumulative in their function, with incom­
plete dominance, while that of Ka was inhibitory and completely domi­
nant.
Ikeda (10) studied the inheritance of grain length in F-j to Fg 
generations of the cross Kokuryomiyako x Tairyuto (large grain). A 
single gene difference was found between these Z varieties.
Syakudo et al. (37) studied the inheritance and quantitative 
function of the genes determining the size of the unhulled grain in the 
cross Nabeshima (Gr^Gr^DjDj) x a strain  of Daikoku (grjgr-jdjdj).
G rj was incompletely dominant and increased grain length and dia­
meter; Dj was completely dominant and increased grain length but 
caused a reduction in diameter.
Spikelet Breadth
The amount of literature concerning the inheritance of spikelet 
breadth is more limited than that for spikelet length and time of head­
ing. Much of the work reported was done either in Japan and only 
abstracts were available for review, or in India, where often it was 
reported in annual reports or sim ilar publications limited in
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distribution. The work conducted in India and adjacent countries was 
rather extensively reviewed by Ramiah and Rao (32) and their review 
furnished much of the information contained herein.
In general, the inheritance of spikelet breadth appears to be 
controlled by multiple factors. However, in some instances when 
associated with a certain character or characters, it may show segre­
gation suggestive of that for a single factor pair. Such a case was r e ­
ported by Parnell et al. (26) in their investigation of the relationship 
between grain shape and a factor G for hull color, as previously men­
tioned in the review of spikelet length. The broad spikelets were 
associated with a dark gold (GG) or medium gold (Gg) hull color, 
whereas the narrow spikelets were associated with a color condition 
designated ripening gold. The ratio of dark and medium gold to ripen­
ing gold was 3:1. The authors were not able to determine whether 
coarseness of grain was due to a separate factor closely linked with 
G or to the factor G itself.
In a study of the inheritance of spikelet breadth in 2 crosses, 
one in which the parents differed only in breadth, having a common 
length, and another in which the parents differed in both length and 
breadth, Ramiah and Parthasarathy (30) stated that the populations 
were intermediate in breadth and the F£ generation in both crosses 
showed a continuous type variation. They concluded that the inheritance
15
of this character was governed by multiple factors. They further con­
cluded that the factors controlling length and the factors controlling 
breadth, though different, were not independent but were interrelated.
Jones et al. (19) studied the inheritance of kernel breadth in 
the crosses Butte x Edith and Caloro x Honduras. The variation in the 
of both crosses was continuous and exceeded the ranges of the 
parents, giving transgressive segregation. The authors concluded 
that in respect to kernel breadth, the parents were differentiated by 
multiple factors.
According to Ramiah and Rao (32), Grant reported the in­
heritance of grain breadth to be polygenic in nature in crosses between 
Burmese varieties. There was some indication of dominance of 
smaller breadth in these crosses. However, in a cross of Blue Rose x 
Nagasein (a Burmese variety) such dominance was not indicated.
Ramiah and Rao (32) stated that Mitra and Ganguli obtained 
a normal distribution in respect to breadth of grain in F2  and F 3  
generations, from which they concluded that the inheritance of this 
character was polygenic. In the same material in which they obtained 
a normal distribution for breadth, there was a clear segregation of 3 : 1  
with regard to length.
According to Ramiah and Rao (32), Majid reported a cross in 
which the breadth of grain in F^ was intermediate between the parents.
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and the segregation was explainable on a digenic basis.
Ramiah and Rao (32) stated that Dave reported that in a cross 
of a medium (breadth 2. 53 mm.) x a coarse variety (breadth 3. 07 mm. ) 
the F j was intermediate (2. 76 mm.) and 2 distinct groups were ap­
parent in the F£, namely a medium group ranging from 2. 53 to 2.87 
mm. and a coarse group ranging from 2.91 to 3.16 mm. A 3:1 ratio 
of medium to coarse was obtained by grouping the F^ plants on either 
side of the minimum frequency class. The behavior of the F-j con­
firmed the F 2  results. A 3:1 ratio of medium to fine was observed 
in the F 2  °1 cross of medium (2. 53 mm. ) x fine (2. 06 mm. ).
Ramiah and Rao (32) questioned the conclusions of Dave, 
feeling that the frequencies were not large and the point of minimum 
frequency too indefinite to support the separation into the classes in­
dicated.
Syakudo (35) reported that 3 genes, designated Gr j, G ^  and 
Ka, which governed grain length also determined the thickness and 
width of the grain, Gr j and G t ^  being cumulative with incomplete 
dominance, while Ka was inhibitory and completely dominant.
Syakudo et al. (37) studied the effect of 2 genes, Gr^ and Dj, 
on the dimensions of the grain and reported that G rj was incompletely 
dominant, increasing grain length and diameter, whereas Dj was com­




Hoshino (9) appears to have been the first to investigate the 
inheritance of flowering time in rice. In a cross between an early- 
maturing rice he found that the time of flowering in the F^ generation 
was intermediate but nearer that of the early parent. Segregation in 
was complex but no transgressive segregation occurred. Some 
lines in the F-j appeared to be recoveries of the parent types. The 
author concluded that 3 pairs of genes were involved.
According to Jones (18), Miyazawa studied a cross of early x 
late rice and in the F^ generation obtained a segregation indicative of 
multiple factors for time of flowering.
Ramiah and Rao (32) stated that Ikeno, quoted by Matsuura, 
in crosses of early and late rices, found that the F j was intermediate 
and segregation in F^ was complex, apparently being due to multiple 
factor s .
Ramiah and Rao (32) stated that in a study of heading in crosses 
of early x late strains of rice, Nomura and Yamazaki reported that the 
F | headed later than the late parent, and the F 2  plants segregated in 
a 3:1 ratio of late to early. The late plants on the average were slight­
ly later and the early plants slightly earlier than the late and early 
parents, respectively. The early group bred true for earliness, 
whereas, in the late group some bred true for lateness and others 
segregated in a ratio of approximately 3 late to 1 early. The authors
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postulated that time of flowering was governed by 3 pairs of factors, 
designated A, B, and C. Each delayed the time of flowering by a c e r­
tain amount, B caused the greatest delay and C the least. B and C 
were completely dominant and independent of each other, the effect 
of each being additive when combined. A showed no dominance, and 
in combinations of A and C the gene action was complementary.
Jones (16) reported that Hector, quoted by Evans, found that 
the F£ progeny of a cross between an early rice and a late rice segre­
gated into 2 distinct groups with respect to date of flowering. These 
2  flowering periods were nearly the same as the flowering dates of 
the 2 parents, with an interval of about 3 weeks during which time no 
blooming occurred. The ratio of early to late plants was approximately 
1:3.
Rami ah and Rao (32) stated that in a study of the and F^ 
generations of a cross, Yamaguti concluded that the time of flowering 
was determined by 3 pairs of genes.
Jones (16) studied the inheritance of earliness in several 
generations of the cross Niro Vial one (early) x Caloro (midseason).
The index of earliness used was the time of appearance of the first 
spikelet above the leaf sheath. The single F j plant was intermediate 
but nearer the early parent, and from the F^ data a trimodal curve 
was constructed. Transgressive segregates for both earliness and 
lateness were obtained. On the basis of certain assumptions the
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author was able to group the data and obtain ratios of 1:2:1 or 3:1 
of midseas on to early. The F-j and lines showed various types of 
segregation, in addition to transgressive segregation. The author con­
cluded that 2  or more genetic factors were involved in the determina­
tion of earliness in the rices studied. Jones also presented data on 
the date of first spikelet emergence of F^ hybrids from additional rice 
crosses which indicated that F j hybrids may be earlier than the early 
parent, later than the late parent, or nearer the early or late parent, 
and that the parents may be so different that the F j hybrids are sterile.
Jones (17), in a cross of an early and a late rice, obtained 
a 3:1 ratio of late to early in the generation.
Jones et al. (19) reported additional studies of the inheri­
tance of earliness in rice which were conducted at 3 locations, namely 
California, Texas and Arkansas. The crosses studied were Bozu x 
Edith, Bozu x Blue Rose, Colusa x Edith and Colusa x Blue Rose.
Bozu and Colusa are early varieties, Blue Rose is late, and Edith 
is early in the South and late in California. Segregation in the F 2  of 
the crosses Bozu x Edith and Bozu x Blue Rose appeared to be con­
trolled by multiple factors, with earliness being partially dominant.
In the F^ of the cross Colusa x Edith a segregation of 9 late to 7 
early was obtained, which indicated the action of complementary 
factors, although there was evidence that suggested the presence 
of modifying factors also. In the cross Colusa x Blue Rose a 3:1
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ratio of late to early was observed* which indicated the action of 1  
main gene* and modifying factors also appeared to be involved. These 
F^ results were confirmed in F^ in each case. Segregation in the F 3  
was essentially the same at all locations, which, according to the 
authors, indicated that under the climatic conditions of these tests 
the nature of segregation is determined prim arily by the genotype of 
the m aterial concerned rather than by the climate.
According to Ramiah and Rao (32), Chiapelli recorded that 
lateness was a simple dominant to earliness in his studies.
Ramiah (27) reported the results of a number of studies r e ­
garding the inheritance of earliness which were conducted at 
Coimbatore. The inheritance in some instances was shown to be 
simple, being governed by a single factor difference, and in other 
instances complex. Earliness was usually dominant when the inheri­
tance was monogenic in nature, but in 1 instance it was found to be r e ­
cessive to lateness. The homozygous early and late types extracted 
from crosses were neither as early nor as late as the early and late 
parent, respectively, even though they supposedly were parent geno­
type recoveries.
In one particular cross, where the average flowering duration 
of the parents was 85 and 100 days, respectively, with their ranges 
just meeting each other, the F j was sim ilar to the early parent and
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the range covered that of both parents. Heading data were not 
obtained on an individual plant basis in F^ but 2  F^ selections showed 
a distinct segregation of 3 early to 1 late. True breeding early and 
late types isolated from the m aterial had average flowering durations 
of 9 9  and 118 days, respectively, the former type corresponding to the 
original late parent in respect to time of flowering and the latter being 
much later than the late parent. The author explained these results on 
the basis of 2  genes with cumulative effects controlling earliness, of 
which each parent possessed 1 .
In another cross the parents were of approximately the same 
duration, the F j was earlier than the parents, and in F 2  the distribu­
tion approached a normal curve, with transgressive segregation oc­
curring for both early and late, which indicated the presence of multiple 
factors. Although the average time of flowering was the same for both 
parents they, nevertheless, contained different genotypes.
An F^ &nd later gene ration study was made of 2 crosses in­
volving a common late parent and 2 early varieties. In one cross F 3  
lines gave a segregation of 3 early to 1 late, and in the other cross 
some F 3  lines gave the opposite, a segregation of 1 early to 3 late.
The author postulated that the 2 early varieties differed by an inhibi­
tory gene, which was confirmed by a cross between them, giving an 
F^ segregation of 13 early to 3 late.
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Another cross studied involved 2 strains that differed by about 
5 weeks in time of heading, the early parent having an average duration 
of 102 days and the late, 135 days (a japonic a form). The F^ was in ter­
mediate and the F^ plants began heading 2  weeks earlier than the early 
parent, with a heavy concentration of flowering corresponding to the 
flowering duration of the early parent, after which there was a gradual 
decrease in the flowering frequency until the thirteenth week. No 
regular flowering occurred after this date and some plants never did 
bloom. The author obtained a good 15:1 ratio of early to late by group­
ing into one class all plants that finished flowering by the thirteenth 
week, and the rest of the plants into another. He attempted to explain 
the results on the basis of 3 genes having differential effect. Other 
crosses were mentioned in which the F j was intermediate but nearer 
the early parent and in F^ the variation was continuous.
The author concluded from these studies that "there must be 
several genetic factors concerned in the inheritance of flowering dura­
tion in rice, and varieties may carry  in them a few or several of these 
factors. Where the number of factors involved is great the F j appears 
to be intermediate between the parents, and in F 2  we either get a trans- 
gressive variation or a variation within the parental limits and the 
parental types are hardly recovered. Varieties that have the same 
flowering duration may differ in their factorial composition with regard 
to this character giving a transgressive variation in the F^ when crosses
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are made between them. A has been possible to derive certain pure 
types from such crosses which are both earlier and later than the 
parents. As regards earliness and lateness, earliness is generally 
found to be dominant and a single case has been recorded where ea rli­
ness was a recessive. '*
Ramiah and Rao (32) stated that in crosses studied by Alam 
and by Grant, the segregation in the F ^  generation was transgressive 
and the frequencies gave normal curves suggesting a polygenic type 
of inheritance. Grant also recorded that lateness was a simple 
dominant to earliness.
Haigh and Fernando (8 ) reported from Ceylon that in 2 crosses 
lateness appeared to be completely dominant to earliness.
Sethi et al. (33) made a study of the inheritance of flowering 
duration in a number of crosses between early and late types of rice. 
The F j showed partial dominance of lateness, being only slightly 
earlier than the late parent. The F 2  distribution covered the parental 
extremes and segregated into 2  distinct groups, early and late, in a 
ratio of 1 early to 3 late, further indicating the dominance of lateness. 
The means of these 2 groups were somewhat earlier and later than the 
respective early and late parents. The results in F 3  confirmed the ob­
servations made in F^> Genotypically there appeared to be 2  types of 
F^ plants, one group breeding true in the F^ and the other segregating.
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The authors assumed that 3 genes governed the inheritance of flower­
ing duration in these crosses, 1 from the early types and 2  from the 
late types. Besides these 3 major genes, which interacted, minor 
modifying factors were probably involved also.
Sethi et al. (34) reported an additional study of flowering dura­
tion in a different group of crosses. The frequency distribution of 
flowering duration in F£ was continuous and extended from the lower 
extreme of the early parent to well beyond the upper extreme of the 
late parent. It appeared that multiple factors were involved but it was 
not possible to estimate the actual number.
Ganguli (7) studied several crosses involving early, medium 
and late rice. He reported that 3 crosses of early x medium rice gave 
similar results, the Fj being intermediate and the distribution 
roughly normal, indicating multiple factor inheritance. Transgressive 
segregates for lateness were obtained. In a cross of medium x late 
rice the F j was intermediate and the F^ showed a wide range of varia­
tion, transgressive segregation occurring for both earliness and late­
ness. The F 2  distribution was bimodal, indicating a ratio of 3 late to 
1 early. In 2 crosses of early x late rice the F^ was intermediate and 
transgressive segregation for lateness occurred in F 2 *
Ramiah and Ramaswamy (31), in a study of hybrid vigor in 
rice, reported that heterosis generally manifested itself by increased 
earliness in flowering.
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According to Ramiah and Rao (32), Srinivasan conducted a 
study of the inheritance of photoperiodic sensitivity in several crosses 
of short season insensitive varieties with a long season sensitive 
variety. He reported photoperiodic insensitivity to be a simple dominant 
to sensitivity.
Ramiah and Rao (32) stated that Chakravarty conducted a study 
which illustrated the effect of environment on flowering duration. F 2  
populations of a cross between a short season and a long season variety 
were planted on 3 different dates at 3 locations which differed in altitude 
and moisture conditions. In the first planting time of heading segre­
gated into 2 distinct groups in a 3:1 ratio of late to early, whereas in 
the other plantings more or less normal curves were obtained covering 
the combined ranges of the 2  parents.
Beachell ( 1 ) reported that, in general, the response of various 
rice varieties to short day (photoperiod) treatments was correlated 
with the latitude in which they were native, the more sensitive strains 
being derived from extra-tropical forms.
Jodon (12) studied the inheritance of time of heading in a cross 
of an early (C. I. 4630) and a late (No. 2912A21) strain of rice. The Fj 
headed late and the F£ segregated in a ratio of 3 late to 1 early. On the 
basis of the bimodal distribution in F 2  the author assumed a single major 
factor for maturity, with lateness dominant. However, there was 
marked transgressive segregation for maturity as indicated by panicle
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emergence ranging from 22 days earlier than the early parent to 39 days 
later than the late parent. Jodon stated that the effect of weather condi­
tions must be considered in connection with irregularities in heading in 
rice. Heading is retarded by cool, cloudy and rainy weather, whereas 
it is hastened by warm, clear, calm weather.
Jodon (13) reported that in the cross C. L 3794 x Fortuna he 
obtained 42 early, 93 segregating, and 22 midseason F^ progenies, 
which agrees poorly with a 1:2:1 ratio. By combining the midseason 
and segregating classes, he obtained a good agreement with a 3:1 ratio 
of late (or midseason) to early.
Chao and Hsu (4) reported that in one cross studied the F j was 
as late as the late parent and the F^ population segregated in a ratio 
of 3 late to 1 early, from which it was concluded that the inheritance 
was simple. In the second cross the inheritance appeared complex 
and the interaction of 4 factors was postulated: L.j and L a r e  duplicate 
factors for lateness; S is a "shifter" factor, which in the presence of 
Li I and results in medium maturity; and A is an "anti-shifter" 
factor, which produces little effect on Lj and L12 but inhibits the ex­
pression of S.
Ramiah and Rao (32) stated that Dave reported that midseason 
ripening was dependent upon a single factor and was dominant to early.
Nishimura et al. (24) stated that the behavior of F j and F^ 
hybrids of intervarietal crosses indicated that the genetical basis of
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heading period was complex.
Syakudo and K&w&se (36) made a study of the inheritance of 
heading period in the cross Nabeshima x a strain  of D aikoku. They 
concluded that 3 genes were involved, designated ^2 an(  ̂ ^1* The
alleles E |,  E^  and dj lengthened the heading period, whereas e j, e^ 
and Dj shortened it* All 3 pairs of genes were cumulative in their 
effect but their form of interaction appeared to be complex. The genes 
Dj and E | were pleiotropic, Dj being responsible for dwarf habit and 
E j for controlling culm height.
Syakudo et al. (38) studied the inheritance of heading period 
in the F | to generations of the crosses Aikoku x Ginbozu,
Kyotoasahi x Aikoku and Kyotoasahi x Ginbozu. They concluded that 
heading period was determined by 3 genes in these crosses, namely 
E^, E^ and Eg. The firs t 2 appeared to be dominant and E5  im per­
fectly dominant. Although the genes appeared to interact, their effects 
were cumulative. The 3 genes also controlled culm height.
Chandraratna (2 ) studied crosses of a photoperiodic ally in­
sensitive line with several sensitive lines under long day conditions in 
Ceylon and reported that sensitivity depended upon a single dominant 
gene, designated Se. In the short day season Se was not expressed, the 
F | of all crosses showing increased earliness of heading as a result of 
heterosis. The author stated that the minimum period between germ i­
nation and heading was polygenic ally determined. He was of the opinion
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that elucidation of the genetics of this character and photoperiodic 
sensitivity may explain some of the discrepancies in the results ob­
tained by previous investigators of the inheritance of earliness.
Yield
Ramiah and Rao (32^ distinguished 2 groups of correlations 
in crop plants, firs t, the association that exists between and within 
the strains that constitute a variety, which they termed intravarietal 
correlation, and secondly, the association that exists between several 
varieties or pure lines of varieties, termed intervarietal correlation. 
They stated that Mendiola reported that what may be true for an in ter- 
varietal correlation may not be true for plants or cultures within a 
variety. Therefore correlations based on the association between 
several varieties may not necessarily be an accurate guide for a breeder 
to follow in his selection work.
Literature regarding correlations is not extensive, the co rre­
lations between yield and other characters receiving the most attention.
Jacobson (11) studied the correlations between yield and a 
number of other characters among a large group of varieties in the 
Philippines. He obtained the following correlations between days to 
maturity and yield over a 6  year period: — 0.403, — 0. 104, — 0.218,
— 0.015, — 0. 143 and —0.201 . He concluded that duration, if not less 
than 1 2 0  days or more than 180 days, did not have any appreciable
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effect on grain yield if growth took place under normal conditions.
Extra early maturity usually resulted in lower yields. The principal 
causes of low yield in late varieties were the hot weather and bright 
days, which prevented completely normal maturing of the late growing 
types. In spite of the negative nature of the correlations obtained, the 
author was inclined to believe that days to maturity had a slight positive 
association with yield provided the late maturing varieties had as favor­
able growth conditions as the earlier ones. Very late maturity afforded 
too many opportunities for unfavorable weather conditions, diseases and 
pests to injure the plants and thus reduce yield.
According to Copeland (5), Capinpin did not find a close co rre­
lation between duration and yield. He further stated that Mendiola sum­
marized the results of Jacobson and Vibar and reported a decided 
correlation of yield and days to maturity and yield and grain length. 
Copeland commented that some of the conclusions were doubtful or of 
limited applicability. To prove his point, he stated that in the United 
States the long grain varieties are not characteristically high yielding.
Mitra and Ganguli (22) reported correlations of 0. 12, —0. 14,
0. 23 and Q. 35 between yield and number of days from sowing to flower­
ing within several types of rice.
Ramiah (28) stated that duration is generally associated with 
yield within lim its. Early duration varieties, according to the author, 
yield less than late ones, but very late ones do not necessarily yield good.
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Ramiah and Rao (32) reported correlations of 0. 33, 0. 02 
and 0. 32 between yield and duration among several varieties. They 
concluded that duration showed a moderate association with yield, but 
within an agricultural class, i. e. , the late and early groups, the asso­
ciation was not marked. The same authors reported correlations of 
0. 13 and — 0.24 between yield and duration among plants of an indi­
vidual strain.
According to Ramiah and Rao (32), Mahalanobis studied the 
mean measurements of a number of characters for 147 rice varieties 
in Bengal and found tkat mean yield was not correlated with duration.
Ramiah and Rao (32) stated that Narasingarao found co rre la ­
tions of 0.08, 0. 12 and 0. 14 between yield and duration among strains 
of a variety but that the correlations did not appear to be significant. 
The authors stated that this type of correlation is of most interest to 
the breeder, as it prim arily represents genetic association.
Ramiah and Rao (32)^reported that Chakravarty studied co rre ­
lations between yield and several other characters within and between 
varieties and showed that characters may behave differently among 
different rice varieties. Grain breadth showed a greater association 
with yield in early (r = 0. 34) than in late (r =0. 1Z) varieties. The 
correlation between grain length and yield was — 0.41 between early 
varieties and 0.01 between late varieties. Within pure lines of early 
or late groups, length and breadth showed either very low associations
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or no associations at all.
Sethi et al. (33) found no correlation between flowering dura­
tion and yield in crosses between early and late types of rice.
Jones (16) found no correlation between yield of plants and 
date of firs t spikelet emergence in a cross of Niro Vialone x Caloro.
m a t e r ia l s  and  m eth o d s
The material used in this study consisted of the parents, Fj» 
F 2 » F 3  and F^ generations of a cross, number 48C925, between 
Rexoro, a commercial variety of rice, and Strain 252-1-2, a selection 
from the breeding program at the Rice Experiment Station, Crowley,
La. The original cross was made by Mr. Nelson E. Jodon, U.S.D.A. 
rice breeder, in the field at the Rice Experiment Station, Crowley, in 
1948. Rexoro is a pure-line selection which was made in 1926 by 
Charles E. Chambliss and J. Mitchell Jenkins in the cooperative ex­
periments at the Crowley station from the Marong-paroc variety, 
introduced by the U.S.D.A. in 1911 from the Philippine Islands.
Rexoro is a late maturing, long slender grain rice that yields and 
mills well for a variety of that type. It was released by the U.S. D. A. 
in cooperation with the Louisiana Agricultural Experiment Station for 
commercial production in 1928. Strain 252-1-2 is an early maturing 
strain that yields well and ripens very uniformly. The grain type is 
intermediate between medium and long, ft is a selection from the cross 
Iola-Blue Rose x Shomad-Fortuna.
Three F j plants were obtained from the cross, 2 of which were 
grown in the field at Crowley in 1949, and 1 in 1951. Ten panicles each 
from the 2 F j plants of the 1949 season and 9 panicles from the F j
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plant grown in 1951 were available for analysis. Thus a total of 29 
panicles from 3  individual plants was all of the F j material available 
for analysis in this study.
F 2  populations from the 2  F j plants grown in 1949 were grown 
in the field at the Rice Experiment Station, Crowley, La. in 1950. The 
seed from each F j plant was planted in an individual plot on May 26,
1950, giving 2 F^ families. When the seedlings were approximately 
1 2  inches tall, those individuals that were too close together were tran s­
planted in order that each plant could be readily recognized to facilitate 
the taking of data. Once flowering commenced, data regarding the date 
of heading of the individual F^ plants were obtained at approximately 5 
day intervals. No attempt was made to obtain the exact date on which 
each F^ plant headed but only the 5 day period. Every fifth day all 
plants that had headed in the previous 5 days were tagged with the date. 
The first tiller of a plant to head was the one that was tagged and that 
date was considered to be the date of heading for that particular plant. 
When the F 2  plants were harvested, the dates on the tags were recorded 
along with the identification number of the respective plants.
After completion of the F£ analysis, 322 of the 727 F 2  plants 
of Family No. 1 were randomly selected for growing in the F 3  genera­
tion. The F 2  plants were selected with the aid of a random number 
table. Any individuals possessing fewer than 50 spikelets were discarded.
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The 322 selected plants were assigned F^ line numbers and each F 3  
line could be traced back to the plant from which it came.
The 322 F 3  lines along with each parent were planted at the 
Rice experiment Station, Crowley, La. during the period April 24 
through 26, 1951. The experiment was planted in an 18 x 18 lattice 
design with 2 replications. The test was located on a Crowley silt loam 
soil and standard cultural practices were followed. The test was planted 
on rows 1 2  inches in width, each plot consisting of 1 row 16 feet in length. 
The plots were planted by hand, 40 seed being planted in each plot. Two 
plots were planted of each F^ line. An average of approximately 75 
per cent of the seed germinated and produced seedlings, as determined 
by a stand count. No plot contained fewer than 15 plants.
The date that the first panicle emerged in each plot was re ­
corded and also the date on which all plants in each plot had headed.
Plots were harvested as they matured. F irs t 1 panicle from each plant 
was harvested and then the rest of the panicles were bulked in each plot 
for yield data. Date of first heading, date of complete heading, and 
yield data were obtained for all 322 F 3  lines. Then 165 of the 322 F 3  
lines were randomly selected and from them data concerning length and 
breadth of spikelet were obtained. The single panicles harvested from 
each plant were used in the determination of spikelet length and breadth 
for the individual plants in each of the 165 F 3  lines. Data were ob­
tained from 15 plants in each of the 165 F 3  lines.
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After all of the material was harvested and allowed to dry fully, 
the bulked material from each plot was threshed by hand. The bundles 
were placed in a 1 / 2  bushel canvas bag and beaten with a paddle until 
all of the grain was threshed. Then the grain was separated from the 
chaff by means of a set of screens and an aspirator.
After completion of the F^ analysis, 79 of the 165 lines 
from which spikelet data were obtained were selected for growing in 
the F^ generation. The F^ lines to be tested in F4  were selected to 
represent the complete range in the F^ generation for date of firs t head­
ing, and length and breadth of spikelet. In selecting material to carry 
into the F4  generation, an attempt was made to have as nearly as possible 
1/2 of the lines early maturing and 1/2 late maturing. Only those lines 
were selected that appeared to be uniform for maturity in the F 3  genera­
tion. Any line that completed heading within a 3 week period was con­
sidered to be uniform for maturity. After the lines were selected on the 
basis of maturity, they were selected further on the basis of the following 
characters, having as near as possible zpproximately an equal number in 
each class: long vs. short spikelet; broad spikelet vs. narrow spikelet. 
The following criteria  were used in placing the various lines into the dif­
ferent classes:
Long spikelet : 9.0 mm. and above.
Short spikelet : less than 9.0 mm.
Broad spikelet : 2. 7 mm. and above.
Narrow spikelet : less than 2. 7 mm.
Late maturing : fully headed in 130 days or more.
Early maturing : fully headed in less than 130 days.
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The F^ lines were assigned numbers which could be traced 
back to the F 3  lines from which they came. The 79 F 4  lines along 
with each parent were planted at the Rice Experiment Station, Crowley, 
on May 5, 1952. The experiment was planted in a 9 x 9 lattice design 
with 4 replications. The test was planted on rows 12 inches apart, 
each plot consisting of 1 row 16 feet in length, of which 15 feet were 
actually harvested. Standard cultural practices were followed through­
out the growing season.
When the plots began to flower, daily checks were made and 
the data on which the firs t panicle emerged in each plot was recorded; 
also the date on which all of the panicles in each plot had emerged was 
noted. As each plot matured it was harvested and all plants of a plot 
were bulked and allowed to dry. After all plots had been harvested they 
were threshed by means of a small nursery thresher.
The characters spikelet length, spikelet breadth, date of first 
heading, date of final heading, yield of grain, and volume weight were 
studied in one or more generations. A description of the characters 
and the manner in which they were studied follows:
Spikelet length - defined in this study as the distance in milli-= 
meters from the tip of the apiculus to the point below the glumes where 
the spikelet disarticulates from the pedicel. Ten spikelets were ran ­
domly selected from the middle or upper portion of each panicle. These
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1 0  spikelets were arranged tip to tip in a line on a metric ruler and the 
total length was determined. The total length was divided by 10 in order 
to obtain the average individual spikelet length.
Spikelet length was determined for the parents, 3 F j plants, 
1,465 F 2  plants, and for 15 individual plants of each of 165 F 2  lines.
A study of the inheritance of spikelet length was conducted, which con­
sisted of an estimation of the number of genes differentiating the parents 
for this character, type of gene action (whether arithmetic or geometric) 
and heritability of the character.
Spikelet breadth - defined in this study as the distance in m illi­
meters from the midrib of the lemma to the keel of the palea (the dor s i - 
ventral axis). The same 10 spikelets of each panicle that were used to 
determine spikelet length were also used in measuring breadth. The 10 
spikelets were placed back to back on a metric ruler and the total 
breadth was determined. This total was divided by 10 to obtain the 
average individual spikelet breadth for a panicle.
Spikelet breadth was determined for the parents, 3 F j plants, 
1,464 F 2  plants, and for 15 individual plants of each of 165 F^ lines.
An inheritance study of this character was conducted, including the 
number of genes by which the parents differed, the type of gene action 
and heritability.
Date of firs t heading - in respect to F j and F 2  plants, this 
character is defined as the date, or approximate date, on which the
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firs t panicle of a plant completely emerged from the sheath. The 
panicle extended above the flag leaf. In respect to F 3  and F4  lines, 
this character is defined as the date on which the firs t panicle of a 
line completely emerged from the sheath. The and F^ plots were 
checked daily during the flowering season and data concerning this 
character were recorded. In order to facilitate the analysis of this 
character, the data were converted from date of firs t heading to number 
of days from planting to first heading.
An estimation of the number of genes differentiating the parents 
for this character was determined. An analysis of the heritability of 
the character and the type of gene action was also made. Data con - 
corning date of first heading were obtained for the parents, 3 F j plants, 
1,457 F 2  plants, 322 F^ lines, and 79 F4  lines.
Date of complete heading - defined in this study as the date on 
which approximately all of the plants of a line were blooming or had 
already bloomed, i.e . , at least 1 panicle of each plant was fully emerged 
from the sheath. This character pertained only to parent populations 
and F^ and F^ lines. As with the previously described character, it 
was necessary to convert date of complete heading to number of days 
from planting to complete heading in order to facilitate the analysis.
The discussion of the inheritance of this character was in ­
cluded in that of date of firs t heading, since the 2  characters were both 
concerned with the same thing, i.e . , time of flowering.
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Yield of grain - data regarding yield were obtained from both 
the F^ and F^ generations, which consisted of 322 and 79 lines, r e ­
spectively. After threshing, the total weight of grain produced on each 
plot was obtained. In the case of the F^ m aterial, this included the 
grain from the individually harvested panicles and from the bulked 
panicles. Weight of grain was determined to the nearest gram on a 
Toledo Scale. The parents were included in the yield tria ls. The 
average yield of grain produced by the parents and by each line was 
obtained by averaging the weight of grain from the several plots on 
which each was grown. The yield data were used in the calculation of 
correlation coefficients in order to measure the association between 
yield of grain and the other characters included in this study.
Volume weight - defined as the weight of grain per unit volume. 
This character was studied only in the F^ generation. The m easure­
ments were made with the use of standard volume weight equipment. 
Average volume weight of grain for each line was obtained by averaging 
the volume weight from the 4 plots on which each was grown.
R E S U L T S  A N D  D I S C U S S I O N
Spikelet Length
In this study spikelet length, commonly called grain length, id 
considered to be the distance in millimeters from the tip of the apiculus 
to the point below the glumes where the spikelet disarticulates from the 
pedicel. The inheritance of spikelet length was studied in the parents,
F |,  and F^ generations of a cross between Rexoro and Strain 252-1-2. 
This character was studied in 2 separate populations or families in the 
F 2  generation, but since both appeared to behave in essentially the same 
manner in respect to the inheritance of the character, they were grouped 
together and analyzed as 1 population. Table 1 shows the frequency dis­
tribution of the parents, F and F ? plants for spikelet length. The
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mean, standard deviation, and coefficient of variation of each parent, 
the F j population, and the F^ population are included in the table.
Table 2 shows the frequency distribution of the parents and each of the 
165 F^ lines for spikelet length. Each F-j line represents the progeny 
of a single F^ plant, and the spikelet length of the F^ plant from which 
it was derived is also given.
Seventeen plants of the Rexoro parent were grown in 1950, the 
year in which the F^ generation was grown. The parents were not 
grown in the same plots as the F 2  material but in the same general area.
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Table 1, Frequency ; i  trilu tion  »i.d s ta tis tic* ! v ,lies for tie g ran ts , 3F> and 1,465 ?2 ?l-r.ts of He iH.oro x strain 252-1-2 crc 3 in respect to scik-.Iet H u tr., in an,
l i i c k r  o f ? L n ts  in  S p ik e le t Ler.ptr, I L s s e s  no, C.V.
Population 7 .8  7 .7  3 ,0  3 ,1  3,2  2,3 3 . ;  2 ,5  8 ,6  3 .7  3 .3  3 .?  6 .0  9 . 1 9 . 2  3.3  5 .4  9 .5  3 .6  9 .7  3 .?  3 , 3 1 U  1 C .1 10 ,2  i t , 3 1C.4 1C.5 I I ,o  H .7  P L n ts  dean s j
S tra in  252-1-2 2 5 8 3 4 2 44 ‘ .c3 . 1 1  l .o 6
Kexoro 1 2 2 6 3 1 1 1  17 9.1C .H I  2,40
F j 2 1 3 8 ,8 3  - -  -
F2 Family I  1 3 6 21 20 22 45 6? 84 75 77 48 53 43 ;1  23 24 17 17 7 i i  fc 7 4 2 72? ?.%  .443 4.9&
F ; Family II  2 ? 7 21 19 U  41 71 ?1 71 10 50 47 <J 44 2? 26 9 20 U  12 c 6 3 2 1 738 3 ,72  .557 6.25

































Frequency distribution for the parents »nd 165 F, lines of the Rexoro I Strain 252-1-2 cross ir. respect to spikelet ler.rth, in
lumber of P U n ts  in  t p i k s l e t  k n r t h  J ia s s e s  ^2
7 ,4  7 ,5  7 ,6  7 ,7  7 ,8  7 .9  8 .0  8 .1  3 ,2  8 ,3  8 .4  8 ,5  8 ,6  8 .7  8 ,8  8 ,9  4 ,0  9 ,1  9 ,2  9 ,3  9 .4  9 .5  9 .6  9 ,7  9 ,8  9 .9  1C.C 10 ,1  1 0 ,2  10 ,3  1C,«, 10 ,5  lC . i  1C .? 10 .8  1 0 .9  Kean value
1 2 1
1 1;J 4 4 1 8 ,89 -
2 4 5 1 1 1 1 9.21 -
3 2 1 2 1 1 1 8,01 8 ,9
2 ei 1J 1 1 1 1 1 1 8 ■ Co 9 .1
1 3 1 6 2. 1 8.05 8 .5
1 1 2 1 7 2 0J 2 8,11 8 ,1
4 1 1 3 2 1 2 1 3.17 1 1
1 2 1 1 1 3 2 1 1 3.23 8 ,2
1 1 1 5 3 2 1 1 3 „ 5 8,3
2 2 2 2 2 2 1 i 1 3,26 8 .7
1 1 2 3 4 2 i 8.27 8 ,4
2 2 4 5 1 1 8 ,27 8 ,8
1 1 L 2 3 2 1 1 3.27 8 ,3
1 1 0K L 1 1 2 2 2 8 ,2 7 8 .5
2 1 5 2 2 2 1 8.29 8 .4
1 i 1 2 3 1 1 2 2 3 ,30 8 .3
1 1 1 1 2 1 1 1 3,31 8 ,2
1 2 1 j 1 2 1 1 1 3.33 8,5
1 1 4 2 4 1 3 1i 3.34 3,6
2 2 3 3 3 1 1 3 .37 8 ,2
1 L 1* 1 4 1 1 1 3.3? 8 ,4
1 1 j 1 2 3 1 1 1 1 3.37 3 ,4
1 1 1 1 1 5 2 2 1 3.3  7 8 ,6
4 1 4 1 2 4 1 3,38 8 .7
L 1 5 3 1 2 1 8.39 8 ,1
1 L 2 2 2 3 2 1 8.40 8 ,6
1 3 1 3 4 1 1 1 8,41 8 ,9
1 r\I 3 1 4 2 1 1 8,42 8 ,9






f a b i r  of Plants in  Spikelet Length Classes F PUt
7,1 7,3 7.6 7,7  7,8 7,9 8 .0  8,1 8,2 8,3 8,1 8.5  8.6 8.7 8,6 3,9 9.C 9 . 1 9 . 2  9,3 9,1 9.5 9,6 9,7 9.8 9 , 9 1 0 , C 1 C .1 1C,2 I C . 3 1 0 ,1 1 C . 3 1 0 .6 1 0 , 7 1 C , 8 1 C , 9  Kean ' A u i
148 1 2 1 2 1 2 1 1 1 3,15 8.1
208 1 1 3 2 1 2 3 1 1 8,18 8 .8
93 2 1 2 1 2 1 1 1 1 1 1 8.50 8.8
73 1 1 2 1 3 2 2 2 1 3,53 3 ,1
65 2 4 ] 2 L 1 1 2 1 3.53 5 ,6
8 2 2 3 L L 3 1 3,57 8 ,7
95 1 1 1 ' 3 1 2 1 8.57 5 .3
22 iX 1 i i 1 3 1 1 3.58 5 ,7
1 1 1 1 1 l 1 2 9K 2 1 5.59 6 ,7
17 1 1 2 3 1 1 1 1 1 1 3,59 3 ,9
263 1 1 3 1 1 3 1 1 2 1 8.60 6 .7
n o 2 1 1 2 3 1 1 3,61 9 0“  * t
210 1 1 2 2 ] 1 2 1 4 5,61 0 ,8
71 1 1 2 1 1 2 2 -1J 1 11 8,63 8 .5
9? 2 1 1 5 1 A4 C 1 5.61 9 .0
63 2 3 i iX i 8,65 3 .6
219
a
c 1 2 2 1 1 1 8 , 6$ 8,7
52 3 1 1 2 1 1 1 8 . 6? 9 .1
121 1 2 1 2 1 1 1 1 6 .0  7 2 .5
10 2 1 1 2 1 1 1 5,67
* n' i f
270 1 1 2 2 1 1 1 * 5.68 3 ,6
29 1 1 1 1 1 1 1 2 1 1 1 1 1 8,68 9 ,2
1?1 2 2 1 3 3 1 2 1 a 8 ,6
11 2 1 1 I  c 2 3 i 1 3,71 8 ,3
105 1 1 2 2 j, 1 1 2 5.71 8 .9
218 1 2 2 4 2 1 3,72 8.8
158 1 4 1 1 1 ij
0L 1 8 ,72 3 ,9
66 2 1 1 7 L 1 1 8.71 8,9
26 1 L 1 2 1 ii 1 1 1 i : .74 5.3
286 1 1 1 5
*)C 1 3 8.75 6 ,2
T J 2 2 5 X 1 1 K 7 1 3 ,1 *w
T*blt 2, Continued:
Line
Ho, 7 .4  7 .5  7 .6  7 .7  7 .3  7 .9  8 .0  8 ,1 3,2
Number o f  Plants in  S p ik e le t len gth  C k s e s  r 
8 ,3  8 ,4  8 ,5  8 ,6  8 ,7  8 ,8  8 ,9  9 .0  9 .1  9 .2  9 ,3  9 ,4  9 ,5  9 ,6  9 ,7  9 ,3  9 ,9  1 0 , 0 1 1 ,1 1 0 . 2 1 0 ,3 1 0 , 4  l u ?  1 0 , 6 1 0 ,7 1 0 , 3 1 0 .9  ; .w i
2 ? l.r ,t  
V .lue
253 1 1 2 2 2 3 1 8,78 8 ,9
72 1 1 2 2 1 3 1 8.78 3 ,9
100 1 3 4 oL 1 8 .79 9 .1
18 2 3 3 1 3 8.79 9 ,1
60 2 3 3 3 1 1 3.79 8 ,9
4 1 2 2 1 1 2 1 2 1 8.79 8 ,6
88 3 1 J 3 1 2 1 1 8 ,80 8 ,8
19 1 1 2 3 2 0i. 0k 1 1 3 ,80 8 ,4
83 1 1 2 4 1 2 1 1 1 1 8,80 3 ,7
43 1 1 2 1 1 2 1 1 1
r.1 1 1 8 ,81 8 ,4
81 3 1 3 rL 1 4 2 1 8,82 9 ,0
77 1 1 1 2 3 2 1 2 1 1 8,82 9 .4
91 1 1 5 1 2 1 1 1 1 1 8,82 8 .8
70 3 3 j 1 4 1 8.83 8 ,7
9 1 1 1 2 1 o 1 2 1 1 1 1 8 ,84 9 .0
90 1 1 1 1 1 2 1 i 1 2 1 1 8 .84 9 ,2
241 3 2 2 ij 4 1 8,8$ 9 .1
32 1 1 1 1 5 1 2 1 1 1 8,85 8 ,6
298 c 1 3 1 2 2 2 1 1 8,85 3,6
222 1 1 4 3 3 2 1 8,85 8,5
87 1 1 1 1 3 1 2 1 1 2 1 8.85 8 ,8
96 1 1 1 3 3 4 1 1 8,86 9 ,2
197 1 1 2 1 5 2 3 8,87 8 ,9
61 1 4 2 3 2 1 1 1 8 ,87 9 ,1
3 1 4 <C 1 0C 1 1 2 1 8,88 8 ,7
214 1 1 2 1 1 1 2 2 1 8 .88 8 ,6
68 1 1 2 2 2 4 1 1 1 8,89 9 ,2
216 1 1 1 2 2 1 3 1 1 1 1 8,89 9 ,0
57 1 2 2 1 2 5 1 1 8.89 8 ,8
*
U l e  2 , Continued.
Lin* *" Number o f P lants in  S o ik t l t t  ^ength C lasses
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T itle  2, Continued,
Line
Bo.
Number of PLnts in  ooikelet Leneth CUsses
;.e*n
Ft P l.n t 
ILlue
67 2 1 1 3 1L 1 1 1 1 1 9,06 9 ,0
178 1 1 j 1 1 l 1 3 3 9 ,0 ? 8 ,7
89 1 2 1 iJ L 2 2 9,07 9 ,0
m 1 xJ 3 2
“l 1x 9,07 9 ,3
201* 1 7i 1 6 1 1 2 2 9,07 9,2
38 1i 2 2 3 1 2 1 9,07 8 .7
71 1 1 1 5 1 < 1 1i 1 9,09 9 ,2
L6 2 1 2 3 l 3 1 2 9 ,10 3 ,9
11 1 r) 1 3 1 9,11 9,3
69 1 C I*+ 2 3 1 9,11 8.8
297 1 1 2 "I 1 2 1 1 1 1 9,11 9,1
79 1 3 1 2 3 2 2 1 9,12 9,1
109 1 1 XJ I* 2 1 1 1 1 9,12 9 ,7
185 2 1 3 3 1 nc 9,13 9,6
183 1 2 1 2 3 2 l 1 1 9,16 9 .0
180 2 2 2 1 2 2 1 9.17 9 ,0
21 2 2 2 1 1 2 1 1 9,17 8 ,7
11*9 3 2 I 1 1 1 3 1 1 9,17 8 ,9
37 1 1 oL l 2 3 1 1 1 1 5,19 9 ,2
59 3 2 1* 1 1 1 1 1 9.22 9 ,2
92 1 1 2 3 2 2 1 1 9,25 9 ,6
36 1 2 1 1 ni 1 1 1 1 1 1 9,25 8 .2
80 1 1 1i 3 3 1 9.28 9,3
81* 1 1 3 2 1 2 1 1 1 8,29 9 .0
198 11 3 1 3 3 1 2 9,31 9.4
261, 1 1 2 2 3 1 1 1 1 1 9,31 5 ,7
U* 1 1 ij 2 2 1 1 2 1 9.31 9,5
17 1 1 2 Xj 1 1 2 1 2 9.41 9.5





Number of ?l*nts in Spikelet Length Classes F; Plant
31 1 2 1 4 4 2 1 9,43 6,7
39 1 3 1 5 3 1 1 9,44 9,4
229 1 1 1 3 lA 2 1 1 2 1 1 9,43 1*1
6 1 1 1 2 2 3 1 1 3 9.49 1* J
85 1 3 i 2 1 6 1 9,49 /•  I
13? 1 1 1 0C 5 4 1 9.51 1*J
86 1 1 2 1 1 1 1 1 4 1 1 9.51 10 ,1
202 L 2 3 3 1 2 1 1 9,55
259 1 ■*iL 1 4 1 j  2 1 9.56 10 .0
219 1 1 i▲ 1 4 2 2 3 9 .60
103 1 1 1 1 j 1 1 1 3 1 1 9.63 /♦ f
41 1 i 2 3 1 1 2 1 1 2 3,65 10.1
211 1 2 1 1 2 1 2 1 1 1 1 1 5,71 9 .7
12 1 1 1 2 1 1 2 1 1 2 2 5,73 9 .7
112 4 3 3 2 1 5.75 9 ,9
13 1 1 3 1 1 4 1 1 1 1 5.76 9 .6
144 1 1 1 1 3 2 1 3 1 1 9.78 9 .5
45 1 1 2 1 3 3 1 1 1 1 5 ,8 ? 6 .9
307 1 2 3 1 1 0c 3 2 9.93 9 ,6




The Rexoro parent had a mean spikelet length of 9.2 mm. The 17 
plants ranged from 8. 6 mm. to 9. 6 mm. , and had a coefficient of 
variation of 2.4 per cent. This parent appeared to be homozygous for 
spikelet length, and the range of 1.0 mm. was probably due to environ­
mental variance.
Twenty-four plants of the Strain 252-1-2 parent were grown in 
1950, The mean spikelet length of this parent was 8. 6 mm. and the 
plants ranged from 8.4 mm. to 8.9 mm. , with a coefficient of v a ria ­
tion of 1. 7 per cent. Here also, the variation among plants of the 
parent was presumably non-genetic in nature, being due to environ­
mental variation*
Although the range and coefficient of variation of the Rexoro 
parent slightly exceeded that of the Strain 252-1-2 parent, the differ­
ence of 0. 7 per cent in the coefficients was not large and was probably 
due to chance.
The mean difference in spikelet length of the 2 parents was 
0. 6 mm. This served as an indication of the genetic difference to be 
studied. A mean difference of 0.6 mm. constitutes only a small portion 
of the maximum range available in rice . Varieties with longer grain than 
Raxoro and shorter than Strain 252-1-2 are known.
The F j population, consisting of only 3 plants, showed a range 
in spikelet length from 8.8 mm. to 9 .0  mm. The average spikelet length
4 9
for the F^ was 8 . 8  mm. This was essentially intermediate between the 
parents, which averaged 8 . 9  mm.
As can be seen in Table 1 and Figure 1, the 1,465 F£ plants 
had a continuous range from 7.8 mm. to 10.7 mm. per spikelet, and a 
coefficient of variation of 5.6 per cent. The mean of the F£ was 8.9 
mm. , being essentially intermediate between the parents, thus indi­
cating absence of dominance. The results were typical of a quantitative 
character, indicating segregation of several pairs of genes, each having 
a small effect in determining length of spikelet. There were numerous 
classes and the greatest class frequencies were near the mean. There­
fore, the genetic analysis carried  out was that for a quantitative character.
Genetic analysis of F^ data:
(a) Presence or absence of dominance. By use of a least signi­
ficant difference, calculated from the standard e rro r of the mean differ­
ence, the mean difference between the and the arithmetic average of 
the 2 parents was shown to be non-significant. The difference between 
the F 2  mean, which was 8.93 mm. , and the arithmetic average of the 
parents, which was 8.92 mm. , was only 0.01 mm. As shown in Figure 1, 
the arithmetic average of the parents, the F^ mean, and the modal class 
were the same, 8.9 mm. There were 602 F 2  plants with a spikelet length 
below the arithmetic average of the parents, 159 plants with a spikelet 
length the same as the arithmetic average of the parents, and 604 F 2
5 0
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Figure 1. Frequency curve for sp ikelet length, for the paren ts, 
F j  and F £ of the Rexoro x S train  252-1-2 c ro ss .
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plants above the arithm etic average of the parents. Thus the number of 
F 2  plants having a spikelet length below that of the average of the 2  
parents was alm ost identical to the number of plants having a spikelet 
length above that of the average of the 2 parents. Therefore, on the 
basis of these data, it was concluded that no dominance in respect to 
spikelet length occurred in this c ross.
(b) Nature of gene action arithm etic or geom etric. The
concept of arithm etic gene action is that each gene either adds its con­
tribution to or subtracts its contribution from the rem ainder of the gene 
effects. In geometric gene action, each gene is believed to multiply or 
divide the effect of the re s t of the gene action by a certain amount. Oc­
currence of geometric gene action is established when the F j mean is 
approximately equal to the square root of the 2  parent means, and the 
me an is equal to or approximates the square root of the product of 
the arithm etic mean of the parents and the F | means.
The expected arithm etic and geometric means of the F | and the 
F 2  were calculated. The expected arithm etic F j mean of 8.92 mm. was 
only 0 . 0 1  mm. higher than the expected geometric F j mean, which was 
8.91 mm. Both expected means were higher than the actual F j mean, 
which was 8.83 mm. The very small number of F j plants grown p re ­
vented much emphasis being placed on the values found here.
Expected arithm etic and geom etric means of the F^ were identi­
cal, being 8.87 mm. , which was lower than the actual F 2  mean of 8.93
52
mm. On the baa is of this information, it was not possible to determine 
whether the gene action determining spikelet length was arithmetic or 
geometric, or a combination of the two.
(c) Number of genes differentiating the parents for spikelet 
length. Estimation of the number of genes involved in spikelet length 
in this cross was based on 2  methods, the apparent frequency of recov­
ery of parent genotypes in the F^ and the Castle-Wright formula. In the 
former method, plants which equal or exceed the mean of a particular 
parent are assumed, roughly, to represent the genotype of that parent. 
The frequency of recovery of such plants is compared to that expected 
for segregation of various numbers of major genes, to give an indica­
tion of the approximate number of pairs of genes by which the parents 
differ. For example, if a parent genotype is recovered with a frequency 
of 1 in 64 plants, 3 pairs of genes are indicated.
Actually, due to the influence of environment, it is not possible 
to determine accurately the genotype of an F 2  plant from its phenotype 
alone. All F^ plants having a phenotype equal to the mean of a particular 
parent will not necessarily possess the parent genotype. Some F^ plants 
not possessing a parent genotype may, nevertheless, have the same 
phenotype as a parent due to chance. Yet such F^ plants would be con­
sidered as recoveries of that parent genotype. Likewise, other F 2  
plants may actually possess a parent genotype and yet have a different 
phenotypic expression than the parent due to environment. Such F2
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plants would not be considered recoveries of that parent genotype.
These 2 conditions probably tend to offset each other. If the case is 
such, then the method would remain relatively reliable in so far as 
these considerations are concerned.
Another factor that must be considered in determining the 
number of parent genotypes recovered in the i* the presence or 
absence of dominance. When no dominance is present the mean of 
either parent may be used as a basis for determining which plants 
are parent genotypes. But when dominance is present the mean of the 
dominant parent cannot be used because some of the F£ plants will have 
the same phenotype as the parent due to the presence of the dominant 
gene even though they differ genotypically. This would result in a 
higher estimate of the number of parent genotypes recovered and would, 
consequently, lower the estimate of the number of genes involved. 
Therefore, in cases in which dominance is involved, the mean of the 
recessive parent must be used to determine the frequency of recovery 
of the parent genotypes. In this study it was concluded that no dominance 
in respect to spikelet length occurred.
Of the 1,465 F^ plants, 405 were as long or longer than the 
mean of the Rexoro parent and 396 plants had a spikelet length as short 
or shorter than the mean of the Strain 252-1-2 parent. This was a 
frequency of 1 in approximately 3. 6  to 3. 7 individuals, which was close
5 4
to the 1 in 4 that is obtained when only 1 pair of genes is involved.
Thus, the indication here was that the difference in the means of the 
parents of 0 . 6  mm. possibly was governed by as few as 1 pair of genes. 
On the basis of a 1:2:1 ratio , ,the expected number of recoveries of 
each parent in a population of 1,465 individuals is 366. The number of 
supposed parental recoveries was approximately 1 0  per cent g reater 
than the expected for each parent. If 2 pairs of genes were involved, 
the expected parental recoveries would be only 92 in a population of 
1,465.
Since a large number of plants were progeny tested in the 
F 3  generation, the F 3  data should provide a more reliable indication 
of the frequency with which each parent type was recovered. The mean 
of each F^ line was compared to the mean of each parent to determine 
the number of F 3  lines that apparently were parent genotype recoveries. 
Lines in the F 3  generation with means equal to or above the mean of the 
high parent and equal to or below the mean of the low parent were 
assumed to be recoveries of the parent genotypes. However, in d e te r­
mining the rate of recovery of the short grain parent in the F 3 , the 
mean of Strain 252-1-2 obtained in the same year in which the F 3  was 
grown could not be used because in that year that parent appeared to 
behave in an abnormal manner. As a result of the following considera­
tions, the decision was made to use the 1950 mean for Strain 252-1-2
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in the analysis of the data. This parent was inconsistent in its behavior 
in the 2 year^ that it was grown and grain m easurem ents taken. In 
1950, when grown in the same general area as the F population, it had 
an average length of 8 . 63 mm. per grain, while Rexoro had an average 
length of 9. 20 mm. The following year, when grown with the F 3  popu­
lation, Rexoro had essentially the same mean length, 9.21 mm. , but 
Strain 252-1-2 showed an upward shift, being 8.89 mm. This was an 
increase of 0 . 26 mm. per grain, and narrowed the genetic difference 
between the parents to 0. 32 mm. The F^ population behaved in essen ­
tially the same manner as the F 2 1  the mean of the F^ lines being 8 . 8 8  
mm. , as compared to the F 2  mean of 8.93 mm. Because of the im ­
portance of the parent means in the analysis of the data, it was neces­
sary  to estim ate in which of the 2 years the behavior of Strain 252-1-2 
was probably more nearly normal. The behavior of this parent in the 
1950 season appeared to be more consistent with the expected, when 
considered in the light of the behavior of the F j ,  F 2 * and F 3  populations. 
The means of the 3 populations were 8.83, 8.93, and 8 . 8 8 , respectively. 
F 2  results were typical of a quantitative character, the range being con­
tinuous and no dominance being shown. The means of the F j and F 2  
were approximately intermediate between the 2 parents when the 1950 
results of the parents were used. The average of the parent means in 
1950 was 8.92 mm.
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The behavior of Strain 252-1-2 in 1951, when grown with the 
F-j appeared to be irregu lar. It had a mean of 8.89 mm. , being essen­
tially  the same as that of the F ji F£, F^, and the arithm etic average 
of the parents in the previous year. A normal distribution curve was 
obtained in the and F^ populations, and F^ calculations indicated 
no dominance. When considered from the standpoint of the usual b e ­
havior in quantitative inheritance, all of the evidence appeared to favor 
the 1950 results of Strain 252-1-2 as being more regular. Therefore, 
the 1950 results for Strain 252-1-2 were the ones that were actually 
used.
In this study, 322 of the F^ plants were randomly selected and 
grown as lines in the F j .  Then 165 of the 322 lines were randomly 
selected and from them data concerning length of spikelet were obtained. 
Of the 165 F^ lines, 22.4 per cent had an average spikelet length of 
8 . 6  mm. or less and 2 1 . 2  per cent had an average length of 9 . 2  mm. 
or m ore. Since the apparent percentage of recoveries of parental types 
in the F^ was less than in the F^ population, it was apparent that some 
of the F^ plants which were considered to be recoveries of the parental 
genotypes were not actually so. Thus, the assumption that the number 
of F 2  plants equal to the means of the parents was an estim ate of the 
number of parent genotypes recovered in F;> resulted in a slight over- 
estim ation of parent genotypes recovered. Actually, many F p la n t s  
equal to the mean of a parent did not prove in F-j to represent parent
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genotypes. Other F£ plants which did not reach a parent mean did appear 
to represent parent genotypes in F- .̂
In spite of the fact that many of the plants that were classed 
as parent genotype recoveries did not prove to be so when progeny 
tested, and that many of the plants which were not considered parent 
genotype recoveries actually proved to be so when progeny tested, the 
results of the F^ when used in this manner tended to verify the conclu­
sion reached from the data, namely, that the difference between the 
2  parents in respect to spikelet length appeared to be governed by 1 pair 
of genes. Of the 165 F^ lines, 2  1.2 per cent had an average spikelet 
length as great or greater than the Rexoro parent, and 22.4 per cent had 
an average spikelet length as low or lower than the other parent. This 
was still relatively close to the 25 per cent expected when only 1 pair of 
genes is involved.
The question might be asked of whether there was any justifi­
cation for handling the F 3  line means in the same manner as the F 2  
plants, i .e . , F 3  lines equal to or above the mean of the high parent 
and equal to or below the mean of the low parent were assumed to be 
recoveries of the parent genotypes. It is possible that even though a 
line might have the same mean as the high parent, it may, nevertheless, 
have individuals which fall even below the mean of the low parent, e .g . , 
lines 36, 17, 8 6 , and 41, as shown in Table 2. Obviously, such lines
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could not be considered parent recoveries. A more accurate way of 
applying the parent genotype recovery method to F 3  data seemingly 
would be to consider as parent genotype recoveries only those F 3  lines 
which were equal to or above the mean of the high parent and contained 
no individuals below the lowest individual of the high parent, and those 
F^ lines which were equal to or below the mean of the low parent and 
contained no individuals higher than the highest individual of the low 
parent. With this method the number of supposed parent genotype r e ­
coveries was decreased considerably. In the case of the Rexoro parent, 
where the form er method gave an estimate of 35 high parent recoveries, 
the latter method gave only 11. This was a decrease from 21.2 per cent 
of the 165 F 3  lines to 6 . 7 per cent. Whereas the 21. 2 per cent was 
reasonably close to the 25 per cent recoveries expected when 1 pair of 
factors is concerned, the 6.7 per cent was very close to the 6.25 per 
cent recoveries expected with 2  factor pairs.
As previously mentioned, the Strain 252-1-2 parent appeared to 
behave in an abnormal manner in the season in which it was grown along 
with the F 3  (1951); therefore, the data from the previous season were 
used to estimate parent genotype recoveries. When the estimate was 
based solely on the mean, the number of recoveries appeared to be 
22.4 per cent of the F 3  lines but when the range was also considered 
the number dropped to 12. 1 per cent. The 22.4 per cent was close to
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t h a t  e x p e c t e d  f o r  1 f a c t o r  p a i r .
In summary, based on apparent recovery of parent genotypes 
in it appeared that the mean difference in the parents of 0 . 6  mm.
was probably governed by only 1 or 2  pairs of genes.
The second method used to estimate the number of genes con­
trolling the mean difference in the parents of 0 . 6  mm. was the so-called
2 2 2Castle-Wright formula, in which the number of genes = D / 8 (s F 2 *® F^) , 
where D is the mean difference in the parents. This formula provides 
an estimate of the minimum number of genes that are segregating in an 
F^ population, and is based on the relative difference in variation of the 
F 2  in comparison with the F j or parents and the mean difference in the 
parents. The average variance of the parents, variance of F^, and mean 
difference in the parents were used in the application of the formula in 
this instance. The formula is based on several assumptions, namely, 
equal additive effects of genes, none of which are linked with any others, 
and homozygosity of all genes for low expression in one parent and of 
the alleles of these for high expression in the other parent. Since all 
of these assumptions are not likely to be justified in any actual case and 
since departures from the assumptions, such as dominance, lead to 
underestimations of the number of genes involved, the formula furnishes 
an estimate of the minimum number of genes rather than the actual 
number. In this study an estimate of 0.2 pair of genes was obtained,
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which suggested probable segregation for 1 pair of factors. This e s ti­
mate appeared to be reasonable in view of the results obtained with the 
method based on parent genotype recoveries.
Based on the above methods of estimating the number of factor 
pairs by which 2 parents differ, namely, the Castle-W right formula and 
the frequency of recovery of parent genotypes, there was a consistent 
indication that Rexoro and Strain 252-1-2 differed by 1 or 2 pairs of 
genes for spikelet length. However, a study of Table 1 and Figure 1 
indicated that a high degree of transgressive segregation occurred, a 
fact which, if proven, would nullify the above conclusion regarding 
number of genes involved. As shown in Table 1, 107 of the F^ plants 
were shorter than the shortest-grained plants of the Strain 252-1-2 
parent and 117 F^ plants were longer than the longest grained plants 
of Rexoro. Many of these F^ plants were much shorter or longer than 
plants of the respective parents. The F£ results suggested strongly 
that transgressive segregation occurred for shorter grain than parent 
Strain 252-1-2 and for longer grain than Rexoro, although one cannot be 
certain of the genotypes of these F^ plants. Among the 165 F-j lines 
there were 32 which had means lower than 8 . 6  mm. , the mean of 
Strain 252-1-2. Most of these lines, constituting 20 per cent of the F^ 
lines tested, probably represented transgressive segregates for shorter 
grain than the Strain 252-1-2 parent. Furtherm ore, there were 27 F 3  
lines, approximately 16 per cent, which had means above the average of
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Rexoro, i .e .  , 9.2 mm. , and probably represented transgressive 
segregates for longer grain than the Rexoro parent. Although tra n s ­
gressive segregation occurs frequently for such quantitative characters 
as length of grain, the relatively high frequency in this case was un­
usual. It was also unusual to find some lines with means as low as 
8 . 0  mm. and others with means as high as 1 0 . 3 mm. derived from 
parents with means of 8 . 6  mm. and 9 . 2  mm.
These results indicated that it would have been easy to obtain 
new strains from the cross with considerably shorter grain than Strain 
252-1-2 or longer grain than Rexoro. In fact, strains could have been 
recovered readily from this cross which represent almost the complete 
range in length of grain that is found among com m ercial varieties of 
rice in the United States. If transgressive segregation of this degree 
occurs commonly for length of grain, it is obvious that the rice breed­
er is not res tric ted  in hybridization program s to combinations having 
grain length within the range of the parents.
The occurrence of transgressive segregation for both long and 
short grain indicated that Strain 252-1-2 contributed 1 or more genes for 
long grain and Rexoro contributed 1 or more genes for short grain. The 
F^ lines with grain length shorter than Strain 252-1-2 must have 
possessed genes for short grain from Strain 252-1-2 plus 1 or more 
additional genes for short grain from  Rexoro. Likewise, the lines 
longer than Rexoro must have possessed genes for long grain from Rexoro
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plus 1 or more additional genes for long grain from Strain 252-1-2. 
Consequently, the occurrence of transgressive segregation indicated 
that the parents differed in respect to more than 1 pair of genes and 
probably 3  or more, unless it is assumed that the genes were not equal 
in their effect, in which case the parents could conceivably have dif­
fered in respect to only 2  pairs of genes.
The presence of transgressive segregation partially invalidated 
the estimate of number of genes segregating based on recovery of parent 
types. One assumption on which the method is based is that, in respect 
to the genes by which the parents differ, the low expression parent 
possesses only genes for low expression, and the high expression parent 
only genes for high expression. Since the assumption was not justified 
in this case, many of the individuals that appeared to be recoveries of 
the parent genotypes were not actually so but were recombination segre­
gates. Thus there appeared to be many more recoveries of the parent 
genotypes than was actually true, and this tended to result in an estimate 
of gene numbers that was too low. The parents could have differed by 
5 or 6  or more pairs of genes and yet given a high frequency of lines 
which were as short as Strain 252-1-2 or as long as Rexoro.
One of the assumptions upon which the Castle-Wright formula 
is based, namely, that all of the genes for the high expression of a 
particular character are in 1 parent in a homozygous condition and the
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alleles o f  these genes are in the other parent, was not valid in this study. 
Such a departure from the basic assumptions leads to an underestim a­
tion of the number of genes by which the parents differ. Therefore, 
although the estimate may be legitimate as an estimate of the minimum 
number of genes which differentiated the parents in respect to grain 
length, it was undoubtedly too low and was of little value in the present 
case.
On the basis of the preceding discussion it appeared, then, that 
the only conclusion that could be drawn concerning gene numbers was 
that the parents differed by at least 2 and probably 3 or more pairs of 
genes for the expression of spikelet length and that each parent possessed 
some genes for short grain and also some for long grain. However, 
lines as short as Strain 252-1-2 and as long as Rexoro occurred with 
relatively high frequency.
(d) Heritability. Heritability is the fraction of variance in 
phenotypic expression that is due to genetic effects. From the stand- 
poing of plant breeding, information in regard to heritability is very 
important because it gives an indication of the effectiveness with which
selection of genotypes can be based on phenotypic performance in F£.
_ 2  2
For F^ data, heritability = - - — - - — , where s G refers to the
s e + ® G
portion of the F 2  variance which is genetic and s £  refers to the portion 
which is due to environment and other sources of chance variation. If
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the parents were homozygous and all F j plants genotypically the same* 
no genetic variation would occur in their mean squares; therefore, 
the average of the variances of the parents and F | is taken as re p re ­
sentative of the environmental variance to which the is subject. It 
is assumed that the effects of environment are the same on both 
parents, F j and F^^ By subtacting s E, the average of the variances 
of the parents and F j ,  from  the F 2  variance, an estim ate of the genetic 
variation in the F£ is obtained.
Application of the above equation to the F^ data gave a h e ri­
tability value of 0.86, which is usually expressed as 8 6  per cent. This 
was a very high value, and, although such values based on data are 
not highly reliable, they at least suggested, in this case, that individual 
plant selection for spikelet length should be highly effective.
Heritability of individual plant differences may also be e s ti­
mated in a more reliable manner by the regression of progeny means 
on the performance of single parent plants. The regression  of the F 3  
line means on their respective F 2  plant values for spikelet length was 
calculated, and the value obtained was converted to percentage and ex­
pressed  as heritability. The correlation coefficient between F 3  line 
means and the phenotypes of F 2  plants from  which they were derived 
was also calculated.
The correlation coefficient between F 2  values and means of F^ 
lines derived from  them was 0. 72. This was a highly significant r  value
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and indicated a very close agreement between length of grain in F 2  
plants and means of their F.̂  progenies. The heritability  value obtained 
by calculation of the regression coefficient was 67 per cent. Although 
this estim ate of 67 per cent was considerably lower than the estimate 
obtained from  the F 2  alone, it was relatively high and indicated that 
selection for spikelet length on an individual plant basis in the F 2  
generation would be highly effective. The heritability estim ate based 
on the regression of F 3  on F 2  should be much more reliable than that 
based on the F^ alone.
The scatter diagram presented in Figure 2 graphically illu s­
tra tes  the effectiveness of selection for spikelet length on an individual 
plant basis in the F^ generation of this cross. The mean spikelet 
lengths of the 165 F^ lines were plotted against the spikelet length 
values of the 165 F 2  plants from which they were derived.
In the entire population of 165 F^ lines derived from  randomly 
chosen F 2  plants, 35 lines, representing 21 per cent, had means of 9.2 
mm. or above. This figure of 21 per cent was used as an estim ate of 
the percentage of F 3  lines with long grain that would have been ob­
tained without selection for grain length in On the other hand if
selection had been practiced among the 165 F 2  plants and only the 46 
plants with grain length of 9 . 2  mm. or above had been taken and ad­
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Figure 2. Scatter diagram showing the association for spikelet 
length between 165 Fg plants and means of F 3  lines 
derived from  them.
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long grained (means of 9.2 mm. or above). Thus, selection in F^ 
for long grained types would have raised the frequency of long grained 
lines in F^ from 21 per cent without selection to 5 7 per cent with 
selection. This indicated a very valuable effect of selection in 
and suggested that approximately 60 per cent of all F 2  plants selected 
for long grain should produce long grained lines.
The results for selection for short grain (8 . 6  mm. or below) 
were comparable. Selection in F ^  of only short grained plants would 
have raised the frequency of short grained lines from 2 6  per cent in an 
unselected population to 58 per cent in a selected population.
The data indicated that very few superior genotypes would 
remain unselected in the F ^  generation and also very few inferior 
genotypes would likely be selected due to the effect of environment on 
the expression of spikelet length of individual F  ̂  plants. Apparently 
about 60 per cent of the F 2  plants selected for long grain would pro­
duce F^ lines with long grain, and the remaining 40 per cent would 
offer some possibility of increase in spikelet length through further 
selection in segregating lines. For a quantitative character such as 
spikelet length this is a very high degree of effectiveness of selection 
on the individual plant basis.
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S p i k e l e t  B r e a d t h
In this study spikelet breadth is considered to be the distance 
in millimeters from the midrib of the lemma to the keel of the palea 
(dorsiventral axis). The inheritance of this character was studied in 
the parents, F^» F£ and F-j generations of the Rexoro and Strain 
252-1 -2 cross. The study was made in 2 separate families in the F ^  
generation but the 2  populations were grouped together and analyzed 
as 1 since they appeared to behave similarly in respect to inheritance 
of spikelet breadth. Table 3 shows the frequency distribution of the 
parents, F j and F ^  plants for spikelet breadth. The mean, standard 
deviation, and coefficient of variation of each parent, the F j popula­
tion, and the F^ population are included in the table. Table 4 shows the 
frequency distribution of the parents and each of the 165 F^ lines for 
spikelet breadth. Each F 3  line represents the progeny of a single 
F^ plant, and the spikelet breadth of the F^ plant from which it was 
derived is given also.
In 1950, the year in which the F ^  generation was grown, the 
mean spikelet breadth of the 17 plants of the Rexoro parent which were 
available for analysis was 2.45 mm. The 17 plants ranged from 2.30 
mm. to 2.65 mm. and had a coefficient of variation of 3* 1 per cent. 
This parent appeared to be homozygous for breadth of spikelet, and 
the range of 0. 35 mm. was very probably due to environmental 
variance.
Table 3. Frequency distribution and statistical values for the parents, 3 F j and 1,464 F2 plants at the Rexoro X
Strain 252-1-2 cross in respect to spikelet breadth, in mm.
Number of Plants in Spikelet Breadth Classes
Population 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00 3.05 3.10 3.15 3.20 3.25
Rexoro 1 1 3 7 4 1
Strain 252-1-2 2 2 5 8 4 2 1
F i 2 1
F^» Family I 3 1 16 14 83 71 185 81 137 45 60 10 16 2 3
F2, Family H 1 4 15 12 93 60 175 75 135 50 69 21 16 6 3 1 1
F^ Family I 
and 11






Rexoro 17 2.45 .075 3.1
Strain 252-1-2 24 2.94 .075 2.5
F 1 3 2.62 -
F2» Family I 727 2.64 . I l l 4 .2
F2, Family II 737 2.65 . 121 4 .6
F2, Family I and II 1,464 2.64 . 116 4 .4
O'
vO
Table 4. Frequency distribution for the parents and 165 F 3 lines of the Rexoro X Strain 252-1-2 cross in respect
to spikelet breadth, in mm.
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Line Number of Plants in Spikelet Breadth Classes plant
No. 2.20 2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00 3.05 3.10 3.15 Mean value
Rexoro 1 10 4 2.30
252-1-2 1 6 1 6  1 3.05 -
230 7 3 5 2.35 2.40
112 2 8 2 1 2.35 2.50
127 5 6 2 2 2.35 2.40
137 2 5 4 2 2 2.40 2.30
18 1 3 4 2 3 2 2.40 2.40
79 1 1 1 3 7 2 2.40 2.40
88 1 6 3 1 2 2 2.40 2.60
17 2 3 1 5 1 2 1 2.40 2.45
37 2 3 5 3 1 1 2.40 2.35
103 2 4 2 2 3 1 1 2.40 2.30
264 1 1 2 4 3 2 1 1 2.40 2.50
211 3 5 4 3 2.45 2.40
45 2 4 5 3 1 2.45 2.40
307 3 5 4 2 1 2.45 2.60
86 4 6 4 1 2.45 2.50
33 3 1 6 4 1 2.45 2.80
82 1 2 3 4 2 2 1 2.45 2.40
90 1 4 2 3 2 2 1 2.45 2.50
158 1 2 1 6 5 2.50 2.60
49 2 2 5 4 2 2.50 2.65
241 1 7 3 2 2 2.50 2.55
54 1 1 1 7 1 1 2.50 2.50





Line Number of Plants in Spikelet Breadth Classes________________________  Plant
No. 2.20 2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00 3.05 3.10 3.15 Mean value
87 3 3 2 4 2 1
92 2 3 3 3 3 1
109 3 1 4 5 1 1
36 2 3 4 4 1 1
74 3 2 6 2 1
204 2 3 3 4 2
259 4 1 3 4 2
298 4 3 4 2 1
35 1 1 2 6 1 1 1
183 1 1 2 4 1 4 2
71 2 2 4 1 2
219 1 2 3 4 3
16 2 1 4 2 4 1
23 1 4 2 3 2 2
85 2 3 4 4 1
180 1 1 4 4 1 1 1
28 3 5 7
52 3 3 5 1
70 2 6 3 3
96 4 3 3 3
144 3 6 2 3
185 2 4 6
31 1 4 3 2 3
77 2 1 4 4 2
297 1 2 2 4 2


























3 1 2.55 2.60
Table 4. Continued.
* 2
Line Number of Plante in Spikelet Breadth Classes plant
No. 2.20 2.25 2.30 2,35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3,00 3.05 3.10 3.15 Mean value
65 2 4 2 5 1 1
98 3 6 1 3 1 1
15 2 1 5 2 3 1 1
32 2 5 4 4
39 1 1 5 7 1
43 1 1 4 3 2 3 1
66 1 3 2 2 3 3 1
216 1 4 1 2 4 2 1
46 1 1 3 2 1 2 2 3
238 1 2 5 4 2 1
291 3 1 5 1 2 2
94 1 3 4 1 3 1 2
89 2 1 1 2 1 1 5 1
188 1 1 3 3 1 3
29 1 1 1 4 2 2 1
47 2 4 4 2 2
83 1 1 2 1 2 2 4 1
12 1 3 5 1 2 1
198 1 1 1 5 1 1 3 2
42 1 1 4 5 1 1
3 2 4 6 1 2
22 2 2 5 2 4
59 1 4 5 4 1
99 2 5 3 3 2
197 1 2 6 3 3
258 1 2 1 6 4 1
7 1 8 5















2 1 2.55 2.50
1 2.55 2.60
1 2.55 2.60
1 1 2.55 2.50
2.55 2.60













Line _________________________Number of Plants in Spikelet Breadth Classes________________________  Plant
No. 2.20 2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00 3.05 3.10 3.15 Mean value
10 1 7 2 1 4 2.60 2.60
13 2 4 1 3 3 1 1 2.60 2.60
25 1 1 3 6 1 2 1 2.60 2.55
26 1 3 5 3 2 1 2.60 2.70
58 1 2 3 2 4 1 2 2.60 2.60
81 2 1 2 4 1 4 1 2.60 2.65
178 2 2 5 3 2 1 2.60 2.70
208 2 3 1 6 2 1 2.60 2.70
41 1 2 2 3 1 4 1 1 2.60 2.55
202 1 4 5 4 1 2.60 2.65
44 1 3 4 5 1 1 2.60 2.50
218 1 8 1 2 3 2.60 2.75
14 1 1 2 3 4 1 2 1 2.60 2.70
293 1 1 2 7 2 1 1 2.60 2.65
93 1 1 1 3 2 1 3 1 2.60 2.65
275 1 1 2 2 4 1 2 1 1 2.60 2.45
62 1 6 2 2 2 1 1 2.60 2.60
80 2 2 3 4 3 1 2.60 2.55
84 1 1 1 6 4 1 1 2.60 2.60
247 2 2 2 4 2 2 1 2.60 2.60
38 1 4 5 1 2 2 2.60 2.80
203 3 4 5 3 2.65 2.70
50 1 3 3 5 3 2.65 2.70
73 1 5 2 5 2 2.65 2.75
91 1 2 4 3 4 1 2.65 2.60
95 2 2 1 2 6 2 2.65 2.60





Line Number of Plante in Spikelet Breadth Clasies plant
No. 2.20 2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00 3.05 3.10 3.15 Mean value
181 6 4 4 1 2.65 2.65
61 1 2 2 5 4 1 2.65 2.65
167 1 1 1 4 2 5 1 2.65 2.65
69 1 3 5 5 1 2.65 2.75
105 1 3 3 4 3 1 2.65 2.80
159 1 1 5 3 2 1 2 2.65 2.70
262 1 1 2 5 1 2 1 2 2.65 2.70
124 1 3 1 1 3 5 1 2,65 2.70
229 1 3 1 3 2 2 1 2.65 2.70
67 1 1 2 3 5 2 2.65 2.60
217 1 2 1 3 2 3 1 2 2.65 2.60
1 1 2 2 3 3 1 2 1 2.65 2.60
9 4 2 2 2 1 1 1 2.65 2.70
40 1 3 1 2 4 2 1 1 2.65 2.60
249 1 1 3 4 5 1 2.65 2.65
72 1 2 5 2 1 2 1 1 2.65 2.70
60 2 5 4 4 2.70 2.70
76 1 4 7 2 1 2.70 2.65
8 5 2 2 1 4 1 2.70 2.75
253 1 1 3 2 2 3 3 2.70 2.65
55 1 2 4 5 2 1 2.70 2.80
2 5 1 4 1 1 3 2.70 2.75
21 1 2 7 2 2 1 2.70 2.60
286 1 2 3 3 2 2 2 2.70 2.90
140 1 1 3 3 3 3 1 2.70 2.70




Line Number of plants in Spikelet Breadth Classes plant
No. 2.20 2.25 2.30 2.35 2.40 2.45 2.50 2,55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00 3.05 3.10 3.15 Mean value
63 1 1 4 3 4 2 2.70 2.65
263 1 4 2 1 1 2 3 1 2.70 2.65
231 1 1 2 3 2 2 4 2.70 2.90
5 1 1 3 1 1 2 2 3 1 2.70 2.70
57 1 2 2 3 4 2 1 2.70 2.60
222 2 5 1 6 1 2.75 2.70
156 1 2 6 2 2 2 2.75 2.85
34 1 2 3 5 1 2 1 2.75 2.50
68 1 3 2 4 4 1 2.75 2.80
131 1 4 1 2 6 1 2.75 2.70
24 3 3 1 5 1 1 1 2.75 2.60
97 2 5 1 3 2 1 1 2.75 2.85
4 1 1 2 4 1 3 3 2.75 2.80
261 1 1 2 4 1 4 2 2.75 2.75
115 1 3 3 1 2 2 2 1 2.75 2.80
210 1 2 5 3 3 1 2.75 2.90
184 1 4 2 2 4 2 2.75 2.70
149 1 2 4 1 4 1 1 1 2.75 2,80
215 1 1 3 1 3 4 1 1 2,75 2.70
27 2 1 5 4 3 2.80 2.60
250 1 1 2 5 3 3 2.80 2.80
51 2 2 4 1 4 1 2.80 2.90
11 1 1 1 2 5 1 4 2.80 2.75
226 2 1 5 4 1 2 2.80 2.70
56 1 2 2 3 3 4 2.80 2.75




Line __ Number of Plants in Spikelet Breadth Claeses________________________  plant
No. 2. a0 2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00 3.05 3.10 3.15 Mean value
323 1 3 2 3 1 1 4 2.80 2.80
78 1 1 6 2 3 2 2.85 3.00
30 1 2 4 2 2 3 1 2.85 2.62
53 1 1 4 5 3 1 2.85 2.60
270 1 1 1 3 4 1 2 2 2.85 2.90
148 1 1 1 4 2 2 1 1 1 1 2.85 2.90
48 4 4 2 4 1 2.90 2.70




The mean spikelet breadth of Strain 252-1-2, of which there 
were 24 plants from  the 1950 season, was 2.94 mm. The plants ranged 
from  2.80 mm. to 3. 10 mm. , and the coefficient of variation was 2.5 
per cent. The variation among plants of this parent appeared also to be 
due to environment.
The mean difference in breadth of spikelet of the parents was
0.49 mm. in 1950. In 1951 this difference increased to 0.75 m m ., 
which is discussed la te r. A difference of the magnitude of 0.49 to 0. 75 
mm. probably represents about 50 per cent of the total genetic differ­
ence in cultivated rice.
The 3 F | plants had a range for spikelet breadth from  2.59 
mm. to 2. 6 8  mm. , and the average was 2. 62 mm. This was slightly 
below the mean of the parents, which was 2. 70 mm. , and suggested 
some degree of dominance for sm aller breadth. However, the size of 
the F j population was such that no significance could be placed in its 
values.
As indicated in Table 3, the 1,464 F^ plants had a range from 
2. 30 mm. to 3.25 mm. for spikelet breadth and a coefficient of v a ria ­
tion of 4. 4 per cent. The mean of the F % was 2.64 mm. , which was 
slightly below the average of the parents (2. 70 m m .), and, as in the 
F p  indicated the presence of some degree of dominance for sm aller 
breadth of spikelet.
The fact that in the F 2  generation the number of phenotypic
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classes was large, the mode was near the mean, and dominance was 
either absent or incomplete indicated that the inheritance of spikelet 
breadth in this study was of a quantitative nature; therefore, the 
genetic analysis conducted was that for a quantitative character.
(a) Presence or absence of dominance. The mean of the 3 
F j plants was 2. 62 mm. This was 0. 08 mm. below the arithm etic 
average of the parents and was an indication of partial dominance for 
sm aller breadth of spikelet but, as previously mentioned, the sm all 
size of the F] population decreased the significance of its values. 
However, the mean of the population was also below the arithm etic 
average of the parents, being 2.64 mm. This difference of 0.06 mm. 
between the F 2  rnean and the arithm etic average of the parents was 
statistically  significant, the least significant difference being 0 . 0 1  
mm. As indicated in Table 3 and Figure 3, the modal class of the F 2  
was the 2 . 60 mm. class, which was below the arithm etic average of 
the parents. Of the 1,464 F^ plants, 889 were below the arithm etic 
average of the parents in respect to spikelet breadth, 272 were the 
same as the parent average, and 303 were above the parent average.
All of these facts pointed to the same conclusion, namely that partial 
dominance for sm aller breadth of spikelet was present in the Rexoro 
and Strain 252-1-2 cross.
(b) Nature of gene action. The nature of gene action, whether 
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Figure 3* Frequency curve for spikelet breadth for the
paren ts , F j and of the Rexoro x Strain 252-1-2 
cross*
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investigated in this study. In the F j generation the expected arith ­
metic mean was 2. 70 mm. and the expected geometric mean was 2. 6 8  
mm. , both being above the actual Fj mean of 2.62 mm. However, the 
F j results could not be considered reliable because of the small 
number of plants involved. In the F generation the expected arith- 
metic and geometric means were identical, 2 . 6 6  mm. , and above the 
actual mean of 2.64 mm. Therefore, no conclusion concerning 
type of gene action was possible.
(c) Number of genes differentiating the parents for spikelet 
breadth. In the application of the parent genotype recovery method of 
estimating number of genes by which 2  parents differ for the expres­
sion of a particular character, it was necessary to use the Strain 
252-1-2 parent as a basis for determining the number of parent geno­
types recovered for spikelet breadth. This was because of the presence 
of partial dominance for smaller spikelet breadth. If Rexoro (the low 
parent for spikelet breadth) had been used, the estimate of the number 
of parent genotype recoveries would have been too great because of 
the presence of partial dominance for the low expression of spikelet 
breadth. This in turn would have tended to decrease the estimate of 
the number of genes involved.
There were 16 F 2  plants with a mean as high or higher than 
the Strain 252-1-2 parent mean in the population of 1,464 plants.
This was a ratio of 1 in 92 and suggested that the parents differed in
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a small number of genes.
The 2 parents performed somewhat differently in the 2 seasons 
of the test. In 1950, the year that the F ^  generation was grown, Rexoro 
had a mean spikelet breadth of 2.45 mm. and the mean of Strain 252-1-2 
was 2.94 mm. , a mean difference of 0.49 mm. However, in 1951 
Rexoro had a mean breadth of 2. 30 mm. while the mean of Strain 252-1-2 
was 3.05 mm. The difference between the parents in respect to spikelet 
breadth increased from 0.49 mm. in 1950 to 0.75 mm. in 1951^ For 
comparing F^ lines with the parents the results obtained in the 1951 
season were probably more reliable due to the fact that the parents and 
the F^ m aterial were all grown together in the same test. Results for 
the parents and 165 F^ lines are presented in Table 4.
Among the 165 F^ lines tested, none appeared to represent r e ­
covery of the genotype of either parent. While the Rexoro parent had a 
mean breadth of 2. 30 mm. , the 3 lines with sm allest breadth had a 
mean of 2. 35 mm. I t  was obvious from the distribution of individual 
plants in these 3 lines (lines 230, 112, and 127 in Table 4) that none of 
these lines were genetically identical with Rexoro. Also, the F^ lines 
48 and 100 had the largest mean breadth of 2.90 mm. , which was con­
siderably lower than that of Strain 252-1-2, showing that the lines with 
greatest breadth were not genetically like the Strain 252-1-2 parent.
It was of interest that 13 of the F 3  lines were derived from F 2
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plants with grain width as low as or lower than the mean of the Rexoro 
parent. As indicated earlier, it might be expected that part of these 
F plants represented recovery of the Rexoro genotype. Actually none 
of these F̂> plants produced F^ lines that resembled Rexoro in width 
of grain.
Furthermore, 3 of the F^ lines came from F£ plants equal to 
the mean of the wider parent, Strain 252-1-2, and were considered to 
represent possible recoveries of the Strain 252-1-2 parent genotype. 
However, none of these lines had means as high as that parent. In 
fact, one of these lines had a mean width below the average of the 
parents. These results indicated that the assumption made in F 2  that 
plants equal to the mean of one parent may represent recoveries of the 
genotype of that parent was not valid for breadth of grain.
Failure to recover the genotype of either parent among 165 
randomly chosen plants (the plants which were progeny tested in F 3 ) 
suggested that more than 3 pairs of genes were segregating for grain 
breadth. Whether the genotypes of the parents were recovered in the 
entire F population of 1,464 plants could not be determined and, 
consequently, it was not possible to learn the exact number of genes 
which were segregating. However, the F^ results provided some evi­
dence that the number was not large. Three of the 165 lines approached 
the Rexoro parent closely in mean and plant distribution, and 2 lines
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resembled the behavior of Strain 252-1-2. It seemed probable from 
the F^ data that not more than 4 or 5 pairs of genes were involved in 
determining the parent difference.
It was apparent from the results in F 3  that greater difficulty 
would occur in an attempt to recover the grain width of either parent 
in a breeding program involving hybridization of Rexoro and Strain 
252-1-2 than in recovering the grain length of one of the parents be­
cause of the greater number of genes segregating.
Application of the Castle-Wright formula gave an estimate of 
3.9 genes as the minimum number of genes differentiating the parents 
of spikelet breadth. This was consistent with the results of the F 3 .
Based on these data* the conclusion reached was that the 
difference of 0.49 to 0. 75 mm. between Rexoro and Strain 252-1-2 for 
breadth of spikelet was probably governed by more than 3 pairs of 
genes* but perhaps not more than 4 or 5.
(d) Heritability. Her it ability of spikelet breadth was calcu­
lated in the same manner as for spikelet length. The value obtained in 
F^ was 58 per cent. This indicated that approximately half of the varia­
tion in spikelet breadth in the F ^  population was genetic and half due to 
the influence of environment. The heritability value obtained by calcula­
tion of the regression coefficient was 64 per cent. This figure was 
somewhat higher than that obtained from the alone and was probably 
more reliable than the F 2  value. The correlation coefficient between F %
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values and means of F 3  lines derived from them was 0.71. This r 
value was highly significant and indicated a close agreement between 
breadth of spikelet in F 2  and means of their F 3  progenies.
In Figure 4 is presented a scatter diagram which illustrates 
the positive association between the behavior of the F 2  plants and 
their F 3  progeny in respect to breadth of spikelet. The mean spikelet 
breadth of the 165 F 3  lines were plotted against the spikelet breadth 
values of the 165 F 2  plants from which they were derived.
Twenty-nine lines of the 165 F^ lines derived from randomly 
selected F 2  plants had means of 2. 75 mm. or above. These 29 lines 
represented 18 per cent of the 165 F^ lines and were used as an estim ate 
of the percentage of F 3  lines of 2. 75 mm. or above that would have been 
obtained if no selection for spikelet breadth had been practiced in F 2 *
If selection had been carried  out, however, and only the 33 F 2  plants 
having a spikelet breadth of 2. 75 mm. or above had been advanced to 
F 3 , 18, or 55 per cent, of these 33 lines would have possessed a mean 
of 2. 75 mm. or above. Selection in F£ for this character would have 
ra ised  the frequency of F^ lines having a mean of 2. 75 mm. or above 
from 18 per cent in an unselected population to 55 per cent in a selected 
population.
The results were sim ilar for selection for sm aller breadth of 
spikelet. Selection in F 2  of only spikelets with a breadth of 2.50 mm. 
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fig u re  4. Scatter diagram showing the association for 
spikelet breadth between 165 F £ plants and 
means of lines derived from them.
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19 per cent in an unselected population to 5 1 per cent in a selected popu­
lation.
The evidence indicated that selection for spikelet breadth on 
an individual plant basis in the F generation would be effective. Ap~
C*
proximately 50 per cent of all F 2  plants selected for either sm all or 
large spikelet breadth should produce lines having small or large 
spikelet breadth.
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Date of F irs t Heading 
In respect to F j and F^ plants, date of f irs t he a ding is defined 
as the date or approximate date on which the earliest panicle of a 
plant completely emerged from the sheath. For F 3  and F 4  lines, this 
character is considered to be the date on which the firs t panicle of the 
earliest plant of a line completely emerged from  the sheath. It ap ­
parently is widely used as an index of earliness in rice .
The length of the ripening period in rice , i. e. , the period 
from flowering to the full development of the seed, is sim ilar, in 
general, for most varieties under the same conditions, being slightly 
shorter for the early varieties and slightly longer for the late varieties. 
Ramiah and Rao (32) stated that the ripening period averages about 30 
days. They probably were referring  prim arily  to conditions in India 
and adjacent areas. Jodon (14), to arrive at the approximate date for 
harvesting various varie ties, added the following number of days to 
the date of f irs t heading of the respective varieties: Zenith (early)
37 days, Bluebonnet (early midseason) 38 days, and Rexoro (late) 40 
days. Thus, date of f irs t  heading, in addition to indicating the time 
of heading, may also serve as an index of the "duration 11 of a variety,
i .e .  , the length of time from  seed germination to m aturity.
Data concerning date of f irs t heading were recorded in the 
parents, F j ,  F2, F 3  and F^ generations of the Rexoro and Strain 
252-1-2 cross. The study of this character was made in 2 separate
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families in the F 2  generation but the data were grouped together and 
analyzed as 1 due to the fact that the families behaved in a similar 
manner* Material from only 1 of the families was carried into further 
generations.
Date of heading data were converted to number of days from 
seeding to firs t heading in order to facilitate the analysis of this 
character.
The date of heading data were recorded on an individual plant 
basis only for the F 2  material. For the parents, F^ and F^ lines the 
date of heading was obtained for the first plant and the last plant to 
head in each plot. No attempt was made to obtain the heading date 
of each individual in a plot. Therefore, the heading values for the 
parents and F^ and F^ lines were determined by the behavior of only 
2  plants, the earliest in the case of the first heading value and the latest 
in the case of the last handing value. Within the limitations of the data, 
an analysis of the character number of days to firs t heading was carried 
out.
Parents, F^ and F 2
The number of days to firs t heading for Strain 252-1-2 and 
Rdxoro in 1950, the year in which the F 2  was grown, was 90 and 125 
days, rexpectively. The parents were not grown along with the F^ 
m aterial. The data regarding date of firs t heading for the parents in
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1950 were furnished by Mr. N. E. Jodon from plots of Rexoro and 
Strain 252-1-2 that were planted on approximately the same date as 
the F^ m aterial and in the same field.
The difference of 35 days between the parents for number of 
days to firs t heading was large when considered in respect to com­
m ercial varieties in the United States, probably covering about the 
complete range of variation among them. However, when rices 
throughout the world are considered, a difference of that magnitude 
is moderate. Ramiah and Rao (32} stated that there are cultivated 
rices that flower in as few as 60 days and others which require 180 
days to do so.
The number of days to heading for the Z F j plants grown in 
1949 was 105. This information was not obtained for the single 1 plant 
grown in 1951, as part of its life-cycle was s]tent in the greenhouse. 
The heading value for the F j m aterial of 105 days was approximately 
interm ediate between those of the parents, which were 90 and 125 days, 
being somewhat closer to the early  parent value. However, the signi­
ficance of such a comparison was questionable in view of the fact that 
the F j population consisted of only 2  individuals and was grown in a 
different year than the parents.
The 1,457 plants ranged from  85 days to 130 days in respect 
to date of heading, as indicated in Table 5 and Figure 5, and had a 
mean of 104 days, which was essentially intermediate between the
Table 5. Frequency distribution of number of days to first heading for the parents, 2 F j plants and 1,457 F2
plants of the Rexoro X Strain 252-1-2 cross.
Number of Plants in Number of Days to Heading C lasses No. C. V.
Population 80 85 90 95 100 105 110 115 120 125 130 135 140 145 Plants Mean s %
Strain 252-1-2 X - - -
Rexoro X - - - -
F 1 2 2 - - -
F2 , Family I 5 72 267 131 72 42 73 43 17 2 724 104 9.29 8.9
F2 , Family II 1 45 281 139 87 50 58 45 26 1 733 104 9.07 8. 7



















N U M B E R  O F  DAYS T O  F I R S T  HEADING
5. Frequency curve for number of days to firs t 
heading for F ^  plants of the Rexoro x Strain 
252-1-2 cross.
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parent values. The arithm etic average of the parent values was 108 
days. The modal class of the population was 95 days, being con­
siderably below the mean of the and the arithm etic average of the 
parents. As shown in Figure 5, a distinctly bimodal curve was obtained 
in F£» with modes at 95 days and 115 days, indicating that the F^ 
m aterial segregated into 2  distinct groups with respect to date of 
heading. There was a large early group and a small late group. How­
ever, a continuous range occurred among the F 2  plants from the earliest 
to the latest individual, with no gaps at any point in the distribution.
The evidence indicated that date of heading behaved neither 
as a typical quantitative character nor as a typical qualitative charac­
te r , but possessed features of both. The fact that a distinctly bimodal 
curve was obtained, with modes at 95 and 115 days, plus the asym m etri­
cal form  of the curve, the modal class being considerably below the 
mean, was indicative of segregation for a qualitative character. The 
evidence of a strong degree of dominance, as shown by the segregation 
into a large early  group and a sm all late group, was further indication 
of the qualitative nature of the character under consideration. But 
there were other lines of evidence which indicated that in several r e ­
spects time of heading behaved in a manner more typical of a quantita­
tive character. The evidence indicative of a quantitative character was 
( 1 ) the continuous type of variation, there being a large and continuous 
number of phenotypic classes; (2 ) the fact that neither modal class
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coincided with the parent values; and (3) the relatively few F*2 plants 
which were as early  as the early parent or as late as the late parent.
Because of the apparently dual nature of the inheritance of 
time of heading, the character could not be analyzed in the same 
manner as was spikelet length and breadth. The standard methods 
norm ally used in the study of quantitative characters, i .e .  * the C astle- 
Wright formula and the parent genotype recovery method, were not 
applicable here. The following genetic analysis was conducted.
P r esence or absence of dominance. The segregation of the 
F^ plants into Z  distinct groups, a large early  group and a sm all late 
group, suggested the presence of a strong degree of dominance for 
early  date of heading. The class of greatest frequency, 95 days, was 
relatively far from  the mean in the direction of earliness. The mean 
difference between the F£» which had a mean of 104 days, and the 
arithm etic average of the parents, 108 days, was only 4 days. Al­
though the F^ mean was not greatly different from the average of the 
parents, this could not be taken as indicative of a lack of dominance 
or only a slight degree of dominance because of the manner in which 
the parent data were recorded. The parent values were not averages 
of heading dates of individual plants but only the heading date of the 
ea rlie s t plant in each parent population. This undoubtedly shifted 
the heading date value for each parent substantially in the direction
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of earliness , thereby moving the arithm etic average of the parents 
closer to the mean of the F^ population. If the date of heading had 
been recorded on an individual plant basis in the parent populations 
and an average calculated for each population, the arithm etic average 
of the parents would have been substantially la ter, probably in the 
vicinity of the minimum frequency class, 110 days, shown in Figure 5, 
thus increasing the distance between the mean and the parent mean, 
and indicating a g reater degree of dominance.
Thus, there was a considerable amount of evidence in the 
F 2  generation indicating the presence of a strong degree of partial 
dominance for early  date of heading in the cross Rexoro x Strain 
252-1-2,
Number of genes by which the parents differ in respect to 
date of heading. As shown in Figure 5, a clear bimodal curve was con­
structed from the F 2  data, indicating that the F 2  m aterial segregated 
into 2  distinct groups with respect to time of heading, a large early  
group and a sm all late group. The minimum frequency class between 
the modes, which was the 1 1 0  day c lass, was relatively close to the 
arithm etic average of the parents, which was 108 days. When all F 2  
plants ea rlie r  than the minimum frequency class of 1 1 0  days were 
combined into 1 group, all la te r than this class were combined to 
form  a second group and the 9 2  F 2  plants in the 1 1 0  day class were
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divided equally into the 2 groups, a total of l f 146 plants fell into the 
early  group and 311 into the late group. This was quite close to the 
expected distribution of a 2:1 ratio  of 1,093 to 364. This suggested 
strongly that the difference in the parents in respect to date of firs t 
heading was governed by a single pair of genes.
However, there was a large body of evidence which indicated 
that the parents differed in respect to more than 1 pair of genes for 
time of heading. Although the F ^  plants segregated into 2 fairly  d is ­
tinct overall groups, i .e .  , early  and late, for time of heading, the 
variation actually was continuous in nature, the plants in the early  
group ranging from 85 to 110 days and those in the late group ranging 
from 110 to 130 days for number of days from seeding to firs t panicle 
em ergence. Another important point suggesting polygenic inheritance 
was the fact that neither the mode of the early  group nor the mode of 
the late group coincided with the heading value of the respective early 
and late parent. A further point was the fact that relatively few F 2  
plants were obtained that headed as early  as the early  parent or as 
late as the late parent. If only 1 pair of genes were involved, *11 
plants of the late class should have the same genotype as that of the 
late (recessive) parent; therefore, approximately 1/4 of the F 2  plants 
should be sim ilar to the late parent in regard  to time of heading. Such 
was actually not the case.
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It seemed apparent that there were 2 modes of inheritance 
involved in the determination of date of heading in the cross. The r e ­
sults were explainable on the basis of 1 major pair of genes seg re­
gating, in addition to segregation for a number of modifying factors, 
which probably acted as multiple factors.
Parents and F 3  
The number of days to firs t heading for Strain 252-1-2 and 
Rexoro in 1951, the year in which the F^ m aterial was grown, was 
89 and 138, respectively. The parents were grown in the same test 
as the F 3 , therefore the results should have been comparable. Al­
though the number of days to heading for Strain 252-1-2 was almost 
identical in the 2 years tested, the results for Rexoro were substan­
tially different, increasing from 125 days in 1950 to 138 in 1951. Part 
of this difference was probably due to the different dates of seeding in 
the 2 years. In 1950 the parents were planted in the middle of May, 
whereas in 1951 they were planted in April. A flowering duration of 
125 days for Rexoro planted in the middle of May was consistent with 
results reported by Jo don (14).
Figure 6  contains the frequency curve for number of days to 
firs t heading for the 322 F 3  lines. Table 6  shows the frequency dis­
tribution of the 322 F 3  lines and the 2 parents for number of days to 
firs t heading. Table 7 shows the number of days from seeding to
9 7
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Figure 6 . Frequency curve for number of days to firs t 
heading for the F-j lines of the Rexoro x 
Strain 252-1-2 cross.
Table 6. Frequency distribution of number of days to first heading for the parents and 322 F j lines of the
Rexoro X Strain 252-1-2 cro ss .
Number of Lines in Number of Days to Heading C lasses No.
Population 80 85 90 95 100 105 110 115 120 125 130 135 140 145 Lines Mean
Strain 252-1-2 X - -
Rexoro X - -




Table 7. Average number of days from seeding to f irs t heading and 
seeding to last heading for the parents, F£ plants, F^ and 
F^ lines of the Rexoro X Strain 252-1-2 cross.
F 2 F 2____________________ _Ha_____  _________ ___________
Plant No. F irs t F irs t Last F irs t Last
rain 252-1-2 90 89 103 87 1 0 2
xoro 125 138 147 136 142
2 0 117 131 141 1 2 1 136
27 1 2 2 130 148 114 143
36 1 17 130 147 1 2 0 135
43 1 17 132 147 119 137
49 117 132 143 1 1 1 140
52 117 131 141 1 1 0 140
57 117 132 155 117 139
59 1 2 2 134 147 128 143
65 127 137 150 99 145
77 117 127 143 94 138
85 117 123 140 1 1 2 134
105 117 128 145 118 137
108 1 2 2 134 154 118 136
116 117 1 2 1 138 104 128
124 117 128 139 107 135
134 117 129 140 1 2 2 135
138 117 129 137 106 128
165 107 117 132 109 129
166 1 1 2 117 136 104 127
194 1 1 2 125 137 1 2 0 133
219 1 1 2 127 144 108 137
235 98 95 1 1 0 89 1 1 1
237 92 95 1 1 2 8 8 1 1 0
239 92 90 105 91 109
243 107 103 119 99 116
244 1 0 2 1 0 2 118 95 116
246 92 92 1 1 0 92 1 1 0
252 1 0 2 97 115 94 115
259 98 98 117 91 1 1 0
268 92 91 1 0 2 8 8 104
275 92 92 1 1 0 90 109
276 1 0 2 108 116 1 0 1 116
282 92 93 108 90 1 1 0
295 1 0 2 99 117 95 114
302 92 94 105 94 107
100
T a b l e  7 .  C o n t i n u e d .
F 2  
Plant No.
F 2 F3 f 4
First F irst Last F irst Last
303 98 98 115 90 114
305 98 95 113 93 113
316 92 89 104 84 105
317 98 94 113 8 8 107
319 92 92 1 1 2 8 8 106
323 99 90 106 94 113
338 98 94 1 1 0 98 114
340 92 93 108 90 1 1 0
34 3 98 1 0 0 113 97 114
345 1 0 2 1 0 2 117 98 1 1 2
347 98 91 1 1 2 89 107
350 98 98 1 1 1 92 1 1 2
353 1 0 2 94 113 91 116
358 92 92 108 8 8 105
359 92 90 106 87 104
360 107 99 114 97 1 1 2
364 98 1 0 1 113 96 115
365 92 8 6 105 8 6 1 0 2
368 98 104 118 98 116
373 92 93 1 1 1 94 113
386 98 94 1 1 2 93 1 1 2
395 98 91 1 1 0 95 108
398 92 89 99 85 103
399 98 93 108 91 108
401 98 97 114 8 8 106
409 92 104 1 1 0 93 1 1 2
411 92 92 109 90 107
412 92 93 108 8 8 107
415 92 95 109 89 104
419 98 96 109 95 1 1 2
422 92 91 108 89 105
426 1 0 2 104 118 99 115
428 92 91 107 8 6 1 0 0
474 107 1 0 1 118 95 113
481 87 78 1 0 1 77 98
505 92 93 105 90 105
521 92 98 115 90 114
566 98 95 113 93 1 1 1
584 98 94 113 90 107
606 92 92 113 8 6 104
640 98 96 1 1 1 92 109
663 92 95 1 1 1 91 1 1 2
674 92 93 108 89 105
717 98 93 1 1 0 90
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firs t heading and to last heading for the parents and for the 79 F^ 
plants which were subsequently carried through the F^ generation.
As shown in Figure 6  and Table 6 , a bimodal curve was obtained in the 
F 3  lines segregating into a large early group and a small late group, 
indicating the presence of a strong degree of dominance for early head­
ing over late. The class of greatest frequency, the 95 day class, was
/
the same as in the F^ generation, and was relatively far from the mean, 
which was 104 days, also being the same as in the This was further
evidence of strong dominance of earliness. The mean difference be­
tween the F 3  and the arithmetic average of the parents was 1 0  days, 
the average of the parents being 114 days. As explained in the section 
concerning the F^ m aterial, this difference would undoubtedly have been 
larger if the heading values of the parents had been based on the aver­
age performance of a number of individual plants rather than simply 
on the performance of the earliest plant in the population.
Thus, the combined evidence of the F^ and F 3  generations 
strongly and consistently indicated the presence of a high degree of 
dominance of earliness over lateness in the Rexoro and Strain 252-1 -2 
cro ss.
The results of the F 3  confirmed those of the F^ in respect 
to the number of genes by which the parents differed for time of 
flowering. As mentioned previously, a distinctly bimodal curve was 
obtained in the F 3 , with the 322 F 3  lines segregating into a large early
102
group and a sm all late group. Four classes occurred in relatively 
low and sim ilar frequencies between the 2 modal c lasses. They were 
the 110, 115, 120 and 125 day c lasses. When the f irs t  2 of these were 
assigned to the early  group and the last 2  to the late group, and all 
lines as early  as 115 days were placed in an early  group while all lines 
as late or la ter than 1 2 0  days were placed in a late group, the result 
was 258 early  to 64 late lines. On the basis of a 3:1 ratio , the expected 
distribution for 322 individuals is 241:81. The greem ent between ex ­
pected and obtained was relatively good and indicated that the parents 
differed by only 1 major pair of genes for this character.
The suggestions of the F 2  data regarding the presence of a 
number of minor modifying factors segregating for date of heading were 
substantiated by the F^ resu lts . Several lines of evidence indicated 
segregation in F 3  for more than 1 pair of genes. The heading values 
for the parents again did not coincide with the modes of the early  and 
late group but the modal class for early  lines was somewhat la te r than 
the Strain 252-1-2 parent and the modal class of the late lines was e s ­
pecially ea rlie r than Rexoro. The fact that very few of the F 3  lines 
were as late as Rexoro was especially convincing. Only 9 of the 322 
F 3  lines tested  were as late as Rexoro. Approximately 80 lines as 
late as this parent would have been expected on the assumption of a 
single pair of genes segregating.
In addition to obtaining the date of f irs t heading in the F 3
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generation, the date of las t he a. ding, i .e .  , the date on which the la test 
plant in a line headed, was also recorded. In other words, the range 
of each line was obtained. These range values should be helpful in 
interpreting the distribution obtained in F 3 , and give some evidence 
as to which F 3  lines are homozygous. The range should be more or 
less directly related to the degree of heterozygosity of the line, the 
more homozygous lines generally having a sm aller range, i. e. , a fewer 
number of days between the heading of the ea rlies t plant and the la test 
plant in a line.
The range from  firs t to last plant heading for Strain 252-1-2 
was 14 days and for Rexoro was 9 days. Since the parents were 
homozygous for time of heading, the range of 9 to 14 days could be 
considered an estim ate of the environmental variation. Therefore, 
any F^ lines having a range of 14 days or less was assumed to be 
homozygous for time of heading. Of the 322 F 3  lines., only 23 possessed 
a range of 14 days or le ss . The fact that such a few lines, 7 per cent, 
apparently were homozygous was further evidence for more than 1 pair 
of genes. If only 1 pair of genes had been involved, approximately 
50 per cent of the F 3  lines should have been homozygous. The 23 
homozygous lines ranged from 89 days to 137 days, corresponding a l­
most exactly with that of the parents, which was 8 9  days to 138 days. 
There apparently were no homozygous lines ea rlie r than the early  
parent or la te r than the late parent, though 1 was as early as the early
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parent and 1 almost as late as the late parent. This was in sharp con­
tra s t  to the approximately 80 lines like each parent that would be ex ­
pected if the parents had differed in only 1 pair of genes.
The F^ data could also be used in determining the reliability 
of classification of F ^  into early and late c lasses. Of the 322 F^ 
plants that were progeny tested in F 3 , only 4 plants classed as early 
in F^ produced late lines and only 1 1  plants classed as late in F ^  p r o ­
duced early heading lines. Thus, classification of the F 2  was highly 
reliable and the conclusion that a major pair of genes plus modifiers 
were segregating was justified.
Thus, F^ results combined with F %  results indicated that 2 
different mechanisms were involved in the inheritance of time of head­
ing. There was segregation for 1 major pair of genes, with homozygous 
early  lines having a duration of approximately 95 days and homozygous 
late lines, 130 days. These potential dates of heading were modified 
by genes having sm all effects. Strain 252-1-2 contributed a major 
allele for earliness, in addition to modifiers for earliness. Likewise, 
Rexoro contributed 1 major allele for lateness, in addition to modifiers 
for lateness. The time of heading for most F %  plants and F 3  lines was 
based on recombinations of these m odifiers, thereby failing between 
the modes. Lines having a m ajor gene for earliness from Strain 252- 
1-2 plus modifiers for lateness from Rexoro were not as early  as 
Strain 252-1-2. Likewise, lines having the major gene for lateness 
from  Rexoro, in addition to modifiers from Strain 252-1-2 for
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earliness, were not as late as Rexoro. As a resu lt, fewer than 25 
per cent of the F£ plant® or lines were as early  or as late as the 
respective early  and late parent.
Her it ability. Since no sta tistica l m easure of variation other 
than the range was obtained for the parents or F j m aterial in respect 
to time of heading, it was not possible to calculate a heritability value 
in the F^ generation. The heritability value based on the regression 
of F j  lines on F ^  plants also could not be used because the regression 
value obtained was g reater than 1. This apparently was due to the fact 
that the number of days from  seeding to heading for most F^ lines was 
greater than for the respective plants from  which they were derived. 
Heritability values based on regression of F^ lines on F 3  lines were 
63 per cent for f irs t  heading and 82 per cent for las t heading.
The correlation coefficient between F£ plants and F 3  lines 
derived from  them was 0.875 for f irs t heading. The correlation co­
efficient between F 3  line values and F^ line values was 0.905 for f irs t 
heading and 0.968 for last heading. These r values were highly signi­
ficant and indicated a very close agreem ent between time of heading 
for F 2  plants and their F^ progeny and for F^ lines and F^ lines.
In Figure 7 is presented a scatter diagram that illustra tes 
the positive association between the behavior of the F 2  plants and their 
F^ progeny in respect to time for f irs t heading. The heading values 
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Figure 7. Scatter diagram showing the association for
number of days to f irs t heading between 165 F^ 
plants and means of F^ lines derived from them.
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S ' 2  plants from which they were derived.
Sixty-eight of the lines derived from randomly chosen F 2  
plants had values of 115 days or above for number of days from seed­
ing to firs t heading. The 6 8  F 3  lines, which constituted 21 per cent of 
the 322 F 3  lines, were used as an estimate of the percentage of F 3  
lines of 115 days or more that would have been obtained if no selec­
tion for time of heading had been practiced in F£* However, if selec­
tion had been carried out and only the 63 F£ plants having a heading 
value of 155 days or more had been taken into the F 3  generation, 56, 
or 89 per cent, of these 63 lines would have taken 115 days or more 
to head. Selection for this character in F^ would have increased the 
frequency of F^ lines requiring 115 days or longer to head from 21 
per cent in an unselected population to 89 per cent in a selected popula­
tion.
On the basis of this evidence it was apparent that selection 
on an individual plant basis in F 2  for number of days from seeding 
to heading would be highly effective.
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Yield of Grain
Although, a detailed genetic analysis of yielding ability in 
plants is generally not possible, an attempt was made in the F 3  and 
generations to obtain general information concerning the genetic 
behavior of yield in the Strain 252-1-2 x Rexoro cross that would be 
of value in planning a rice breeding program .
F 3  Results
From  among the F£ plants, ?22 were randomly selected and 
entered in a yield tr ia l as lines in the F^ generation. The experiment 
was planted in an 18 x 18 simple lattice design, and included the 
parents. Due to the res tric ted  amount of seed produced by each F 2  
plant, the tes t contained only 2  replications. £ach plot consisted of 
a single rod row, of which only 15 feet were harvested. Weight of grain 
per plot was determined to the nearest gram . The average weight of 
grain produced by the parents and each F^ line was determined by 
averaging the weight of grain from  the 2  plots on which each was grown.
Based on yield tria ls  conducted over a several year period, 
Jodon and de la  Houssaye (15) reported that Strain 252-1-2 was 
superior to Rexoro in yielding ability. They stated that in these tests 
the yield of Rexoro was only 92 per cent of the average yield of all 
varieties tested, whereas the yield of Strain 252-1-2 was 112 per cent.
The resu lts of the F 3  yield tr ia l we re analyzed statistically
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and although the F test indicated that highly significant differences 
existed among the treatments in respect to yieldp the yields of Rexoro 
and Strain 252-1-2 were not significantly different. Because of the 
fact that no difference could be shown between the parents for yield, 
and due to the very low F value obtained for treatm ents, namely 1*459, 
the F^ data were not considered sufficiently reliable to draw conclu­
sions regarding yield of the lines. The coefficient of variation was 
very high, 15 per cent, indicating that a large amount of environmental 
variation occurred in  the test.
Although the F^ data could not be used for genetic analysis of 
yielding ability, the results did offer proof for a very low heritability 
of yield, in sharp contrast with the relatively high heritability values 
for spikelet length and breadth and date of heading. The results indi­
cated that little reliability could be placed in the F-j yield data in select­
ing among lines for high yielding ability even though the results were 
obtained in a standard yield tria l with Z replications.
F^ Results
Seventy-nine F-j lines were taken into the F^ generation and 
included in a yield tria l along with the parents. Each F^ line rep re­
sented the bulked seed from all plants within a single F 3  line. Thus, 
each F^ line was derived from a separate F 2  plant. The 79 lines were 
not chosen at random but were selected to represent the complete range
1 10
i n  t h e  F ^  g e n e r a t i o n  f o r  t h e  v a r i o u s  c h a r a c t e r s  b e i n g  i n v e s t i g a t e d .
Also, only those lines were selected that appeared to be uniform for 
date of heading in the F^ generation. The test was planted in a 9 x 9 
simple lattice design, with 4 replications. As in the F^» each plot 
consisted of a rod row, of which 15 feet were harvested. Tables 8  
and 9 show the average yield of the 79 F 4  lines and the 2  parents.
The F 4  data were analyzed statistically and the F test indi­
cated that highly significant differences were present among the lines 
tested. The least significant differences at the 5 per cent and 1 per 
cent level were 97 gm. and 128 gm. , respectively. The coefficient 
of variation for the strains was 1 1  per cent.
Figure 8  shows the frequency curve of yield for the 79 F^ 
lines. The yields of the parents are also indicated. Table 9 contains 
the mean yields of the 79 F4  lines and the 2 parents. The yield of 
Rexoro was 513 gm. and that of Strain 252-1-2 was 712 gm. , the dif­
ference being highly significant. The F^ lines ranged in yield from 
493 gm. to 867 gm. and the mean of the 79 lines was 719 gm. , which 
was actually above the mean of the higher parent, 712 gm. The f re ­
quency curve for yield was asymmetrical in form, with the mode, which 
was the 775 gm. class, being substantially above the mean of the lines 
and of the high parent, indicating that many lines yielded more than the 
high yielding parent. As shown in Table 9, none of the 79 lines yielded 
significantly less than the lower yielding Rexoro parent and only 1
Table 8. Frequency distribution of yield of grain in gram s per plot for the parents and 79 F^ lines of the
Rexoro X Strain 252-1-2 cross*
Number of Lines in Yield C lasses No.
Population________ 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 Lines Mean
Rexoro X -
Strain 252-1-2 X
F , Line 1 1 4 5 3 4 3 3 7 6 11 12 5 10 3 1 79 7194
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T a b l e  9 .  A v e r a g e  y i e l d  o f  g r a i n  f o r  t h e  p a r e n t s  a n d  7 9  F 4  l i n e s  o f
t h e  R e x o r o  X  S t r a i n  2 5 2 - 1 - 2  c r o s s .
T a Line No. .4 Yield F 4  Line No.
Yield
77 493 6 743
Rexoro 513 48 746
37 5 34 3 751
76 542 7 759
13 551 1 1 759
18 554 2 2 759
41 555 58 759
2 574 26 761
47 575 50 762
14 583 45 763
23 584 62 763
49 586 55 765
1 2 595 61 765
15 597 35 771
31 605 73 773
17 614 60 774
25 614 56 775
59 616 70 775
2 1 619 39 776
6 6 648 1 782
80 652 71 786
19 653 57 789
36 667 38 791
53 667 81 797
65 680 54 801
75 694 72 804
34 697 40 815
30 702 51 815
43 702 24 820
79 704 67 820
5 706 1 0 823
6 8 711 52 829
Strain 252-1-2 712 9 833
8 714 63 833
29 716 46 836
69 725 64 837
16 726 27 841
74 727 28 843
32 734 42 847
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Figure 8 . Frequency curve for yield of grain for the 
parents and F^ lines of the Rexoro x Strain 
252-1-2 cross.
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line (No. 77) had a numerically lower yield than that parent, hi fact, 
only 14 of the lines had a yield that was not significantly higher than 
Rexoro and 13 of these lines had a numerically higher average yield, 
some of these probably being higher yielding strains than Rexoro 
through the differences were not significant in the single experiment 
conducted. Most of the lines. 49 to be exact, did not differ signifi­
cantly in yield from the high yielding Strain 252-1-2 parent.
Probably the most remarkable result of the entire research 
was the fact that 14 of the 79 lines, or approximately 20 per cent, 
were significantly higher in yield than the high yielding Strain 252-1-2 
parent. Lone 78 had a yield of 867 gms. compared to 712 gms. for 
Strain 252-1-2, an increase of about 20 per cent over the high yield­
ing parent of the cross. In addition to the 14 lines which yielded 
significantly more than Strain 252-1-2, 34 lines had numerically but 
not significantly higher yields than Strain 252-1-2. Some of these 34 
lines were probably higher in yielding ability than the Strain 252-1-2 
parent. It is very rare that such a high percentage of lines or strains 
derived from a hybrid are found to yield more than the high yielding 
parent. Obviously, such a result would be of great interest and value 
in a rice breeding program.
In seeking an explanation for the large percentage of lines 
which were above the high parent in yield the possibility of hybrid 
vigor, which would not be retained in varieties developed from these
11 5
lines, had to be considered. However, there seemed little probability 
that such an explanation would suffice in this case, for 2  reasons:
( 1 ) in a generation as late as the F^ relatively little heterozygosity 
and no significant effects of hybrid vigor are likely to still be present, 
and (2 )> hybrid vigor is closely associated with heterozygosity and the 
F-j lines carried into the F^ generation ware specifically selected on 
the basis of homozygosity in respect to time of heading. Therefore, 
the F^ lines should have tended to be even more homozygous than if 
they had been selected at random. & seemed apparent that hybrid 
vigor had to be ruled out as a logical explanation of the behavior of 
the F^ lines in respect to yield.
The behavior of the 14 F^ lines which were significantly higher 
in yield than Strain 252-1-2 are shown in Table 10 in respect to all 
of the characters which were studied. Values for the parents are 
also presented. It is apparent from Table 10 that the 14 highly 
superior lines differed widely in respect to the characters spikelet 
length, spikelet breadth, weight per seed and weight of grain per unit 
volume and that their high yielding ability was not related to any of 
these traits . However, it can be noted from Table 10 that the high 
yielding parent was much earlier in heading than Rexoro and that all 
of the 14 superior lines were relatively early in date of heading. In 
fact, the latest of these high yielding lines headed in 9 8  days after
1 1 6
Table 10. Values for the expression of several characters in 14 F^ lines 
which were significantly higher in yield than either parent.












Weight 0  
50 Seed
Rexoro 513 138 147 48. 0 9.2 2. 3 1 . 08
Strain 252-1-2 712 89 103 50.0 8.9 3. 1 1. 52
9 833 90 109 48. 5 9.0 2 . 6 1. 32
1 0 823 89 104 47. 5 8 . 8 2. 7 1. 29
24 820 95 114 48. 0 8.9 2 . 6 1. 19
27 841 85 103 48. 0 8 . 8 2 . 6 1. 19
28 843 91 109 48. 5 8 . 8 2.5 1 . 16
40 815 98 114 47. 0 9. 7 2. 5 1. 33
42 847 95 1 1 2 47. 5 9. 0 2 . 6 1. 27
46 836 95 108 48. 5 8 . 8 2 . 6 1 . 2 1
51 815 8 6 1 0 0 46. 5 9. 1 2. 5 1. 25
52 829 89 107 49.0 8 . 3 2 . 8 1 . 28
63 833 8 8 105 49. 0 8.4 2 . 8 1. 27
64 837 93 1 1 1 49. 5 8 . 6 2. 7 1. 25
67 820 93 113 48. 5 8 . 7 2.7 1. 30
78 867 90 114 48. 5 9.2 2 . 8 1.46
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seeding, which, was only slightly la ter than Strain 252-1-2. This sug­
gested that the high yield of these 14 lines was associated with their 
comparatively early heading.
The validity of this assumption was also confirmed by c o rre ­
lation coefficients between yield and the various characters studied 
for the entire 79 F 4  lines tested. These correlation coefficients are 
presented in Table 11. The r values for yield with spikelet length, 
breadth and weight and volume weight of grain were non-significant, 
indicating no association of these tra its  with yield. However, a highly 
significant negative r value of — 0.611 occurred between yield and days 
to f irs t  heading and an even higher r value of — 0. 711 was found with 
days to las t heading for the 79 lines. These results indicated that 
the ea rlie r heading lines tended to be high in yield while the late lines 
were low in yield.
Figure 9 contains a scatter diagram showing the relation­
ship between yield of grain and number of days to f irs t heading for 
the 79 lines. The association between higher yields and early 
heading was very striking. In fact, of the 46 highest yielding lines 
not a single 1 was late in heading. On the other hand, of the 26 lowest 
yielding lines only 7 were less than 100 days from seeding to f irs t 
heading. And only 3 of the 14 lines which were not significantly higher 
than Rexoro in yield were less than 100 days in days to heading. It 
was apparent that in the Strain 252-1-2 x Rexoro cross no late
1 1 8
Table 11. Total correlations of yield with several characters in the 
Rexoro X Strain 252-1-2 cross.
C haracters C orrelated + value
Yield in F 4  and spikelet length in F^ 0. 023
Yield in F 4  and spikelet breadth in F j 0. 065
Yield in F4  and spikelet weight in F j 0. 136
Yield in F 4  and volume weight in F 4 -0.163
Yield in F4  and days to f irs t  heading in F4 - 0 . 611**
Yield in F 4  and days to last heading in F 4 -0.711**
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Scatter diagram showing the association between 
yield and number of days to firs t heading among the 
F4  lines of the Rexoro x Strain 252-1-2 cross*
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maturing lines were high in yield, indicating that it would not have 
been possible to produce from the cross a new variety combining the 
lateness of Rexoro.and the high yield of Strain 252-1-2, On the other 
hand, selection in f° r earliness would have been extremely effec­
tive in obtaining high yielding lines in F^ as well as early ones.
The association between yield and date of heading in the 
Strain 252-1-2 x Rexoro cross may have been due to linkage of genes 
governing these traits or to a physiological relationship permitting 
only those genotypes which were early to produce high yields. The 
results were not entirely conclusive regarding these 2  explanations 
but there was a strong suggestion that the latter explanation was more 
probable. The fact that all of the high yielding strains were early while 
the low yielding strains varied from early to late in heading suggested 
that the association was not caused by linkage. Another fact against 
the linkage hypothesis was the occurrence of 14 lines even higher in 
yield than the early, high yielding Strain 252-1-2 parent.
The most apparent explanation of the behavior of the F^ lines 
in respect to yield of grain was based on the relationship of yield and 
time of heading. Although the Rexoro parent was low in yield it was 
necessary to assume that it possessed genes for high yield in order to 
account for the 14 lines that were significantly higher in yield than the 
high parent. Genes for high yield and earliness from Strain 252-1-2
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combined with genes for high yield from  Rexoro produced transgressive 
segregates. The fact that there was no transgressive segregation for 
low yield suggested that the genes for high yield possessed by Strain 
252-1-2 and by Rexoro were not expressed when combined in the late 
heading Rexoro genotype. But when Rexoro genes for high yield were 
combined with the earliness of Strain 252-1-2, they were expressed, 
as evidenced by the transgressive segregates for high yield. When 
the yield data were considered in relation to number of days to firs t 
heading, and the fact that no high yielding lines were late in heading 
was noted, it became apparent that the factors for high yield were not 
expressed when combined with factors for late heading. Thus, when 
the genes for high yield from Rexoro and Strain 252-1-2 were com­
bined in a genotype possessing factors for early heading, transgressive 
segregates for high yield resulted. But when these same genes for 
high yield were combined in a genotype possessing factors for late 
heading the genes for high yield were not expressed and no tra n s ­
gressive segregates occurred, but ra ther, low yielding lines resulted. 
No lines lower in yield than Rexoro were obtained probably because 
lateness of heading was the prim ary influence determining low yield 
and none of the lines were appreciably la ter than Rexoro. In fact, 
it seemed probable that the yield of Rexoro would have been as high or 
higher than that of Strain 252-1-2 had the genes for lateness not been
1 22
present. This was indicated by the high number of transgressive 
segregates for yield, which could be accounted for most logically by 
assuming that Rexoro contributed genes for higher yield. The few low 
yielding lines which were early in respect to f irs t heading apparently 
were low in yield due to a lack of genes for high yield through segrega­
tion rather than to any effect of genes for time of heading.
S U M M A R Y
A genetic analysis of spikelet length, spikelet breadth, and 
date of heading and general observations concerning the inheritance 
of yield of grain were made in the parents, F |,  F£, F^ and F^ gen­
erations of a cross between a leading commercial variety, Rexoro, 
and an advanced selection. Strain 252-1-2, and revealed the following:
1. Spikelet length was found to be quantitative in nature. A 
parent difference of 0 . 6  mm. for this character appeared to be 
governed by at least 2 and probably 3 or more pairs of genes. A 
rather high degree of transgressive segregation for both short and 
long spikelet was observed. Each parent possessed a gene or genes 
for short spikelet and a gene or genes for long spikelet. The herita- 
bility estimate for spikelet length based on the F^ data was 8 6  per cent 
and that based on the regression of F^ line means on F^ plants derived 
from them was 67 per cent. The r value for F^ plants and means of 
F^ lines was 0. 72.
2. Spikelet breadth also behaved as a typical quantitative 
character. Narrow spikelet was partially dominant over broad 
spikelet. A parent difference of 0.49 to 0.75 mm. in respect to this 
character appeared to be controlled by more than 3 pairs of genes, 
but probably not more than 4 or 5 pairs. The heritability estimate 
for spikelet breadth calculated from F 2  data was 58 per cent and
12 3
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that based on the regression coefficient was 64 per cent. The corre­
lation coefficient between F^ plants and F^ lines was 0. 71.
3. Number of days to firs t heading acted neither as a typical 
quantitative nor qualitative character but possessed features of both. 
Earliness of heading exhibited a strong degree of partial dominance 
over lateness. The difference in the parents of 43 days (3 year aver- 
age) appeared to be controlled by 1 major pair of genes and a number 
of modifying genes. The heritability of number of days to firs t heading 
as measured by the regression of F^ line values on the values of the 
F^ lines from which they were derived was 63 per cent. For number 
of days to last heading the heritability estimate, calculated in the same 
manner, was 82 per cent. The correlation coefficient between plants 
and F^ lines was 0 . 8 8  for firs t heading.
4. Yield of grain behaved as a quantitative character. A high 
degree of transgressive segregation was observed in the F^ generation 
for high yield but not for low yield. The presence of transgressive 
segregation indicated that both parents possessed genes for high yield.
Of the 79 F^ lines tested, 16 yielded significantly lower than the high 
parent, 49 lines yielded the same as the high parent, and 14, or ap­
proximately 20 per cent, were significantly higher in yield. Yield of 
grain and date of heading were found to be closely associated. The 
correlation coefficient for the 2  characters was —0.61, which indi­
cated that the early lines tended to be high in yield and the late lines
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low. Actually, no late heading F^ lines were obtained that were high 
in yield, whereas a high proportion of the early  heading lines yielded 
high and very few yielded low. The evidence suggested that genes for 
high yield were not expressed when combined with genes for lateness. 
There was evidence of a very low heritability for yield of grain, even 
when selection is practiced on an F-j line basis.
5. As m easured by the correlation coefficient, there appeared 
to be no association of yield with spikelet length, spikelet breadth, 
weight of grain and volume weight of grain.
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